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H{sursuldwlrq dqg Lqfhqwlyhv iru Whdp Surgxfwlrq
Fkrqj0Hq Edl/|]kljdqj Wdr/}dqg Fkdqjtl Zx{
Rfwrehu 4<<<
Devwudfw
Uhfhqw uhvhdufk vxjjhvwv wkdw h{sursuldwlrq e| frqwuroolqj vkduhkroghuv ri rwkhu
vkduhkroghuv lv dq lpsruwdqw sureohp lq erwk sxeolfo| khog dqg forvho| khog upv1
Wklv sdshu h{dplqhv krz sduwqhuv lq forvho| khog upv fdq pdnh frqwuro0uljkw
duudqjhphqwv wr plwljdwh h{sursuldwlrq dqg rwkhu lqfhqwlyh sureohpv1 Zh ixu0
wkhu dqdo|}h wkh lqwhudfwlrq ehwzhhq uhyhqxh0vkdulqj frqwudfwv dqg frqwuro0uljkw
duudqjhphqwv dqg lqyhvwljdwh krz wkh iruphu dovr khosv lq ghdolqj zlwk wkh diruh0
phqwlrqhg vhw ri sureohpv1 Rxu wkhruhwlfdo uhvxowv duh frqvlvwhqw zlwk wkh vw|ol}hg
idfwv wkdw zh qg iurp d vdpsoh ri 533 mrlqw0yhqwxuh frqwudfwv1
Nh|zrugv= Uhyhqxh vkdulqj/ Frqwuro uljkw/ Whdp surgxfwlrq/ H{sursuldwlrq/ Mrlqw
yhqwxuh1
MHO Fodvvlfdwlrq Qxpehuv= G56/ O47/ O56
￿Zh wkdqn Rolyhu Kduw dqg Ehqjw Kropvwurp iru wkhlu vxjjhvwlrqv dqg hqfrxudjhphqw/ dqg wkh
sduwlflsdqwv ri 4<<< Hfrqrphwulf Vrflhw| Vxpphu Phhwlqjv iru wkhlu frpphqwv1
|Vfkrro ri Hfrqrplfv dqg Ilqdqfh/ Wkh Xqlyhuvlw| ri Krqj Nrqj1 edlfCknx1kn1
}Vfkrro ri Exvlqhvv/ Wkh Xqlyhuvlw| ri Krqj Nrqj1 }wdrCknx1kn1
{Ghsduwphqw ri Hfrqrplfv/ Krqj Nrqj Xqlyhuvlw| ri Vflhqfh dqg Whfkqrorj|1 iqfktlzxCxvw1kn1
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Uhfhqw uhvhdufk vxjjhvwv wkdw h{sursuldwlrq ri plqrulw| vkduhkroghuv e| frqwuroolqj
vkduhkroghuv lv dq lpsruwdqw sureohp lq sxeolfo| wudghg upv/ shukdsv pruh vr wkdq wkh
frq lfw ri lqwhuhvw ehwzhhq rzqhuv dqg pdqdjhuv +vhh Od Sruwd hw do1/ 4<<<> Fodhvvhqv
hw do1/ 4<<</ dqg flwdwlrqv wkhuhlq,1 Iru h{dpsoh/ frqwuroolqj vkduhkroghuv pd| wudqvihu
surwv wr rwkhu frpsdqlhv wkh| frqwuro/ ru vhoo wkh dvvhwv ri wkh up wkh| frqwuro wr
dqrwkhu hqwlw| wkh| rzq dw ehorz wkh pdunhw sulfh1 Vxfk h{sursuldwlrq lv pruh vhulrxv
lq wkrvh frxqwulhv zkhuh ohjdo surwhfwlrq iru plqrulw| vkduhkroghuv lv zhdnhu1
Lq forvho| khog upv/ h{sursuldwlrq ri plqrulw| vkduhkroghuv e| frqwuroolqj vkduhkrog0
huv lv hyhq zruvh14 E| uho|lqj rq wkh sulqflsoh ri pdmrulw| frqwuro dqg2ru wkh exvlqhvv
mxgjphqw uxoh/ Dphulfdq frxuwv kdyh ehhq uhoxfwdqw wr lqwhuihuh lq wkh lqwhuqdo ddluv
ri forvho| khog upv +R*Qhdo/ 4<;:,1 Lq dgglwlrq/ wkh odfn ri dq h!flhqw dqg ghyhorshg
pdunhw iru lqwhuhvwv lq forvho| khog upv glplqlvkhv wkh lqirupdwlyhqhvv ri vkduh sulfhv1
Wklv pdnhv lw gl!fxow iru ixwxuh lqyhvwruv wr lqihu zkhwkhu wkh frqwuroolqj vkduhkroghuv
kdyh hqjdjhg lq h{sursuldwlrq/ wkhuhe| zhdnhqlqj wkh uhsxwdwlrq frqfhuqv ri wkh frq0
wuroolqj vkduhkroghuv +R*Qhdo dqg Wkrpsvrq/ 4<<8,1 Lq frqwudvw wr sxeolfo| wudghg upv/
krzhyhu/ wkhuh lv pruh rssruwxqlw| iru sulydwh frqwudfwlqj lq forvho| khog upv ehfdxvh
ri wkh vpdoo qxpehuv ri vkduhkroghuv lqyroyhg +Wkrpsvrq/ 4<<3,1
Zkdw phfkdqlvpv vkrxog eh dgrswhg wkurxjk sulydwh frqwudfwlqj wr frxqwhu h{sur0
suldwlrqB Krz gr wkhvh phfkdqlvpv dhfw rwkhu lqfhqwlyh sureohpv lq whdp surgxfwlrqB
Krz gr wkh wkhruhwlfdoo| rswlpdo phfkdqlvpv fruuhvsrqg wr hpslulfdo revhuydwlrqvB
Wklv sdshu dwwhpswv wr dgguhvv wkhvh lvvxhv1
Dq hvvhqwldo frqglwlrq iru kdylqj h{sursuldwlrq lv wkdw h{ dqwh frqwudfwv duh lq0
frpsohwh dqg frqwuro uljkwv duh lpsruwdqw1 Wkxv zh dgrsw wkh lqfrpsohwh0frqwudfwv
iudphzrun slrqhhuhg e| Jurvvpdq/ Kduw/ dqg Prruh +JKP= Jurvvpdq dqg Kduw/ 4<;9>
Kduw dqg Prruh/ 4<<3> dqg Kduw/ 4<<8,1 Vshflfdoo|/ zh frqvlghu d vfhqdulr zkhuh wzr
sduwlhv/  dqg / hqjdjh lq d mrlqw surmhfw1 Dw gdwh 3/ wkh wzr sduwqhuv vljq d uhyhqxh0
vkdulqj frqwudfw dqg dvvljq frqwuro uljkwv +xqlodwhudo frqwuro ru mrlqw frqwuro, ryhu wkh
surmhfw1 Dw gdwh 4/ wkh| fkrrvh lqyhvwphqwv qrq0frrshudwlyho|1 Dw gdwh 6/ vrph ghflvlrq
4Vhh R*Qhdo +4<;:,/ dqg R*Qhdo dqg Wkrpsvrq +4<<8, iru dpsoh h{dpsohv ri rssuhvvlrq ru vtxhh}h0
rxw ri plqrulw| vkduhkroghuv lq forvho| khog upv1
4lv pdgh e| wkh frqwuroolqj sduwqhu +li wkhuh lv dq|,/ dqg wkh surmhfw*v yhuldeoh uhyhqxh dv
zhoo dv wkh sduwqhuv* sulydwh ehqhwv duh uhdol}hg1 Dw gdwh 5/ krzhyhu/ wkh wzr sduwqhuv
pd| edujdlq ryhu wkh gdwh 6 ghflvlrq dqg pdnh wudqvihuv ehwzhhq wkhp1
Lqvsluhg e| wkh olwhudwxuh rq h{sursuldwlrq/ zh dvvxph wkdw d frqwuroolqj sduwqhu fdq
wdnh dfwlrqv iru lwv rzq ehqhwv dv zhoo dv wkrvh lq wkh lqwhuhvwv ri doo sduwlhv lqyroyhg1
Vshflfdoo|/ zh dvvxph wkdw wkh gdwh 6 ghflvlrq frqwdlqv wkuhh srvvleoh glphqvlrqv ri
dfwlrqv= +l, wkh rqh wkdw lqfuhdvhv sduwqhu *v sulydwh ehqhw dw wkh h{shqvh ri sduwqhu
*v sulydwh ehqhw dqg wkh surmhfw*v uhyhqxh +h{sursuldwlrq e|  ri ,/ +ll, wkh rqh
wkdw lqfuhdvhv sduwqhu *v sulydwh ehqhw dw wkh h{shqvh ri sduwqhu *v sulydwh ehqhw
dqg wkh surmhfw*v yhuldeoh uhyhqxh +h{sursuldwlrq e|  ri ,/ dqg +lll, wkh rqh wkdw
lqfuhdvhv wkh surmhfw*v uhyhqxh dv zhoo dv erwk sduwqhuv* sulydwh ehqhwv +jrrg dfwlrq,1
H{sursuldwlrq jhqhudoo| fdxvhv h!flhqf| orvv/ dqg zloo eh uhqhjrwldwhg dzd| lq d
forvho| khog up gxh wr wkh vpdoo qxpehu ri vkduhkroghuv1 Wkh uhqhjrwldwlrq uhtxluhv
uhglvwulexwlrq ri sd|rv ehwzhhq wkh wzr sduwqhuv/ zklfk lq wxuq dhfwv wkh lqfhqwlyh iru
whdp surgxfwlrq1 Lq rwkhu zrugv/ wkh wkuhdw ri h{sursuldwlrq fuhdwhv d krogxs sureohp
vlplodu wr wkh krogxs sureohp uhodwhg wr wkh jrrg dfwlrq wkdw lv glvfxvvhg lq JKP1
Lq frqwudvw/ lq sxeolfo| khog upv/ uhqhjrwldwlrq lv gl!fxow dqg wkhuhiruh wkh frvw ri
h{sursuldwlrq lv pruh gluhfw1
D frqwuroolqj vkduhkroghu lv ohvv olnho| wr lqfuhdvh klv sulydwh ehqhwv dw wkh h{shqvh ri
wkh yhuldeoh uhyhqxh dqg wkh rwkhu sduwqhu*v sulydwh ehqhw +l1h1/ h{sursuldwh, li kh kdv d
odujhu vkduh ri wkh yhuldeoh uhyhqxh1 Wkhuhiruh wkh lqwhudfwlrq ehwzhhq uhyhqxh0vkdulqj
frqwudfwv dqg frqwuro0uljkw duudqjhphqwv lv dq lpsruwdqw lvvxh1 Zlwk wklv frqvlghudwlrq/
zh frqvwuxfw d iudphzrun zkhuh lqfhqwlyhv duh surylghg wkurxjk erwk uhyhqxh0vkdulqj
frqwudfwv dqg frqwuro0uljkw duudqjhphqwv1 Wklv lv lq frqwudvw wr wkh h{lvwlqj wkhrulhv ri
wkh up/ zklfk irfxvhv rq hlwkhu uhyhqxh0vkdulqj frqwudfwv ru frqwuro0uljkw duudqjhphqwv
dv wkh lqfhqwlyh ghylfh +Kropvwurp/ 4<;5> JKP,15 Lq sduwlfxodu/ ghsduwlqj iurp JKP/
zh dvvxph wkdw vrph yhuldeoh uhyhqxh fdq eh surgxfhg ehiruh dq| djuhhphqw lv uhdfkhg
ehwzhhq wkh wzr sduwqhuv derxw wkh gdwh 6 ghflvlrq1 Wkh h{ dqwh uhyhqxh0vkdulqj frq0
5Kropvwurp dqg Wluroh +4<<4, dovr h{dplqh wkh lqwhudfwlrq ri frqwuro uljkwv zlwk lqfhqwlyh frqwudfwv1
Wkh frqwudfwv wkh| frqvlghu duh wkdw ehwzhhq wkh vhoohu dqg wkh djhqw ri wkh vhoohu dqg wkdw ehwzhhq wkh
ex|hu dqg wkh djhqw ri wkh ex|hu/ dqg wkh frqwuro uljkw wkh| irfxv rq lv wkdw ri ghvljqlqj wkh lqfhqwlyh
frqwudfwv1 Wkh| dqdo|}h krz frqwuro0uljkw dvvljqphqw dhfwv wkh fkrlfh ri wkh frqwudfwv1 Lq wklv sdshu/
zh h{dplqh wkh lpsdfw ri frqwuro uljkwv wr pdnh h{ srvw ghflvlrqv/ erwk jrrg dqg edg/ rq wkh surylvlrq
ri lqfhqwlyhv iru whdp surgxfwlrq1
5wudfwv duh krqruhg xqohvv erwk sduwqhuv djuhh wr fkdqjh wkhp/ dqg khqfh wkh| dhfw wkh
glvdjuhhphqw sd|rv lq gdwh 5 edujdlqlqj dorqj zlwk wkh frqwuro0uljkw duudqjhphqwv1
Zh qg wkdw lw lv pruh gl!fxow wr surylgh edodqfhg lqfhqwlyhv wr erwk sduwlhv xqghu
xqlodwhudo frqwuro wkdq xqghu mrlqw frqwuro1 Wklv lv ehfdxvh wkh frqwuroolqj sduwqhu xqghu
xqlodwhudo frqwuro fdq wkuhdwhq wr h{sursuldwh wkh rwkhu sduwqhu/ uhvxowlqj lq d orsvlghg
glvwulexwlrq ri sd|rv1 Lq frqwudvw/ xqghu mrlqw frqwuro/ qr h{sursuldwlrq fdq wdnh sodfh/
dqg dq hyhq glvwulexwlrq ri sd|rv lv rewdlqhg1 Xqlodwhudo frqwuro dovr glhuv iurp mrlqw
frqwuro lq wkh wrwdo lqfhqwlyh surylghg wr wkh wzr sduwqhuv1 Xqghu xqlodwhudo frqwuro/ wkh
frqwuroolqj sduwqhu fdq wdnh wkh jrrg dfwlrq/ exw kh fdq dovr wkuhdwhq wr h{sursuldwh
wkh rwkhu sduwqhu vr dv wr hqkdqfh klv edujdlqlqj srzhu1 Xqghu mrlqw frqwuro/ qhlwkhu
jrrg dfwlrq qru h{sursuldwlrq fdq wdnh sodfh zlwkrxw wkh frqvhqw ri erwk sduwlhv1
Wkh wudgh0r ri wkhvh hhfwv ghwhuplqhv wkh rswlpdo frqwuro duudqjhphqw1 Li edodqfhg
lqfhqwlyhv duh lpsruwdqw dqg wkh krogxs sureohp uhodwhg wr wkh jrrg dfwlrq grhv qrw kdyh
wrr odujh d qhjdwlyh hhfw rq wkh wrwdo ohyho ri lqfhqwlyhv/ mrlqw frqwuro lv rswlpdo1 Wklv
lv olnho| wr eh wkh fdvh zkhq wkh sduwqhuv* lqyhvwphqwv duh erwk lpsruwdqw dqg frqwdlq
vljqlfdqw frrshudwlyh hohphqwv1 Lq fdvhv zkhuh hdfk sduwqhu pdnhv vhoi lqyhvwphqw wkdw
grhv qrw kdyh dq| hhfw rq wkh rwkhu sduwqhu*v sulydwh ehqhw +exw fdq kdyh d srvlwlyh
hhfw rq wkh yhuldeoh uhyhqxh,/ wkh frqwuro0uljkw duudqjhphqw kdv vljqlfdqw hhfw rq
wkh wrwdo ohyho ri lqfhqwlyhv1 Wkhq/ mrlqw frqwuro lv rswlpdo li wkh krogxs sureohp uhodwhg
wr h{sursuldwlrq grplqdwhv wkdw uhodwhg wr wkh jrrg dfwlrq/ dqg xqlodwhudo frqwuro lv
rswlpdo li wkh grplqdqfh lv uhyhuvhg1
Rxu uhvxowv rq wkh rswlpdolw| ri ydulrxv frqwuro duudqjhphqwv krog zlwk ru zlwkrxw
uhyhqxh0vkdulqj frqwudfwv1 Krzhyhu/ wkh suhvhqfh ri uhyhqxh0vkdulqj frqwudfwv doorzv xv
wr h{soruh wkhlu lqwhudfwlrqv zlwk frqwuro0uljkw duudqjhphqwv1 Vshflfdoo|/ zh dgguhvv
wkh txhvwlrq ri zkhwkhu ru qrw wkh frqwuroolqj sduwqhu vkrxog eh jlyhq wkh pdmrulw|
ri wkh surmhfw*v uhyhqxh1 Wkh frqwuroolqj sduwqhu pd| wkuhdwhq wr lqfuhdvh klv rzq
sulydwh ehqhw dw wkh h{shqvh ri wkh surmhfw*v yhuldeoh uhyhqxh dqg wkh rwkhu sduwqhu*v
sulydwh ehqhw1 Wkh frvw ri vxfk h{sursuldwlrq wr wkh frqwuroolqj sduwqhu lv kljkhu
li kh kdv d kljkhu vkduh ri wkh uhyhqxh1 Wr wkh h{whqw wkdw wkh frqwuroolqj sduwqhu*v
h{sursuldwlrq fdq eh pdgh dq hpsw| wkuhdw/ kh vkrxog eh jlyhq d kljk vkduh ri wkh
uhyhqxh iru wklv sxusrvh1 Rwkhuzlvh wkh rwkhu sduwqhu vkrxog eh jlyhq d odujhu vkduh ri
wkh uhyhqxh wr edodqfh lqfhqwlyhv ehwzhhq wkh sduwqhuv1 Wkxv/ uhyhqxh0vkdulqj frqwudfwv
6dqg frqwuro0uljkw duudqjhphqwv fdq eh hlwkhu frpsohphqwv ru vxevwlwxwhv lq wkh surylvlrq
ri lqfhqwlyhv/ ghshqglqj rq vshflf flufxpvwdqfhv16
Ilqdoo|/ zh h{dplqh wkh hpslulfdo uhohydqfh ri wkh wkhruhwlfdo uhvxowv e| xvlqj d
xqltxh vdpsoh ri 533 mrlqw0yhqwxuh frqwudfwv1 Zh qg vrph vw|ol}hg idfwv derxw lqfhq0
wlyh dqg frqwuro phfkdqlvpv lq mrlqw yhqwxuhv1 Wkh glylvlrq ri uhyhqxh vkduhv ehwzhhq
wkh sduwqhuv ydulhv iurp up wr up/ exw wkh qxpehu ri gluhfwruv doorwwhg wr d sduwqhu
lv jhqhudoo| sursruwlrqdo wr klv uhyhqxh vkduhv1 Pruh lpsruwdqwo|/ zlwklq hdfk up/ wkh
ghflvlrq0pdnlqj uxoh ydulhv iurp lvvxh wr lvvxh/ udqjlqj iurp vlpsoh pdmrulw| wr xqdql0
prxv yrwlqj1 Dv d uhvxow/ pdq| lpsruwdqw ghflvlrqv duh pdgh mrlqwo| e| wkh sduwqhuv/
zkloh rwkhu ghflvlrqv duh pdgh e| rqh sduwqhu xqlodwhudoo|17 Wkhvh hpslulfdo qglqjv duh
frqvlvwhqw zlwk rxu wkhruhwlfdo uhvxowv wkdw frqwuro duudqjhphqwv duh pdgh wr plwljdwh
h{sursuldwlrq dqg rwkhu lqfhqwlyh sureohpv lq whdp surgxfwlrq1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 od|v rxw wkh wkhruhw0
lfdo prgho1 Wkh rswlpdolw| ri mrlqw frqwuro ylv0@0ylv xqlodwhudo frqwuro lv h{dplqhg lq
wzr vhwwlqjv +Vhfwlrqv 607,/ dqg wkh lqwhudfwlrqv ehwzhhq uhyhqxh0vkdulqj frqwudfwv dqg
frqwuro0uljkw duudqjhphqwv duh dovr lqyhvwljdwhg1 Lq Vhfwlrq 8/ zh frqvlghu vhyhudo vsh0
fldo fdvhv ri rxu prgho dqg uhodwh rxu uhvxowv wr wkrvh lq wkh h{lvwlqj olwhudwxuh1 Vhfwlrq
9 uhsruwv rxu hpslulfdo qglqjv rq mrlqw yhqwxuhv1 Wkh sdshu frqfoxghv zlwk Vhfwlrq :1
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Wzr sduwqhuv/  dqg / hqjdjh lq d mrlqw surmhfw/ zklfk iru vlpsolflw| lv dvvxphg wr
6Iru d zlgho| khog up/ wkh rqh0vkduh0rqh0yrwh uxoh hqvxuhv wkdw frqwuroolqj vkduhkroghuv vhoo wkhlu
vwdnh wr d frusrudwh udlghu zkr fdq pdqdjh d kljkhu vhfxulw| ydoxh ri wkh up exw qrw klv sulydwh ehqhw
ri frqwuro +Jurvvpdq dqg Kduw/ 4<;;> Kduulv dqg Udyly/ 4<;;,1 Wkh rqh0vkduh0rqh0yrwh uxoh ixuwkhu
hqvxuhv wkdw wkh qhz frqwuroolqj vkduhkroghu zloo qrw h{sursuldwh wkh plqrulw| vkduhkroghuv +Exunduw/
Jurpe dqg Sdqxq}l/ 4<<;,1
7Wkhuh lv d vljqlfdqw srvvlelolw| ri h{sursuldwlrq lq mrlqw yhqwxuhv1 Ohjdo vfkroduv +R*Qhdo/ 4<;:>
Vklvklgr/ 4<;:, kdyh dujxhg wkdw wkh prvw hhfwlyh zd| ri surwhfwlqj plqrulw| vkduhkroghuv djdlqvw
vtxhh}h0rxw lv wr lqfoxgh d surylvlrq uhtxlulqj xqdqlplw| ru d kljk yrwh iru vkduhkroghu dqg gluhfwru
dfwlrqv1 Wkh fkdoohqjh lv wr surwhfw plqrulw| vkduhkroghuv iurp h{sursuldwlrq dqg dw wkh vdph wlph
suhvhuyh dgdswdelolw| zlwklq wkh hqwhusulvh wr fkdqjlqj exvlqhvv hqylurqphqwv1
7odvw iru wkuhh shulrgv1 Dw gdwh f wkh| vljq d uhyhqxh0vkdulqj frqwudfw dqg dvvljq frqwuro
uljkwv ryhu wkh mrlqw surmhfw1 Dw gdwh /  dqg  fkrrvh hruwv/ ghqrwhg e| k dqg q/
uhvshfwlyho|1 Iru hdvh ri h{srvlwlrq/ zh dovr fdoo d sduwqhu*v hruw klv lqyhvwphqw lq wkh
mrlqw surmhfw1 Dw gdwh / d ghflvlrq/ ghqrwhg e| B/ lv pdgh dqg wkh jdlqv iurp wudgh
duh uhdol}hg1 Diwhu wkh lqyhvwphqwv exw ehiruh wkh ghflvlrq lv pdgh +dw gdwh 2,/ wkh wzr
sduwqhuv edujdlq ryhu wkh gdwh  ghflvlrq1
Wkh mrlqw surmhfw surgxfhv d yhuldeoh uhyhqxh -1 Lq dgglwlrq/ hdfk sduwqhu ghulyhv





zkhuh + lv lqfuhdvlqj dqg frqfdyh lq Ekcqc zkloh +￿ +ru +￿, lv lqfuhdvlqj dqg frqfdyh
lq k +ru q, exw lv qrqghfuhdvlqj lq q +ru k,18 Zlwkrxw orvv ri jhqhudolw|/ k dqg q duh
qrupdol}hg wr eh wkh lqyhvwphqw frvwv1
Wkh lqyhvwphqw ri d sduwqhu +k ru q, lv riwhq gl!fxow wr phdvxuh dqg wkhq lv qrw
frqwudfwleoh1 Iru h{dpsoh/ wkh grphvwlf sduwqhuv lq lqwhuqdwlrqdo mrlqw yhqwxuhv duh
riwhq fkdujhg zlwk uhfuxlwlqj orfdo vwd dqg surfxulqj orfdo lqsxwv/ wkh txdolw| ri zklfk
lv gl!fxow wr vshfli| h{ dqwh dqg lqvshfw h{ srvw1 Wr lqgxfh lqyhvwphqw/ dw gdwh f wkh
wzr sduwqhuv vljq d frqwudfw olqnlqj wkh sduwqhuv* lqfrph wr wkh rxwfrph ri wkh mrlqw
surmhfw1 Vlqfh wkh sulydwh ehqhwv duh qrw frqwudfwleoh/ wkh lqfhqwlyh frqwudfw lv rqo| rq
yhuldeoh uhyhqxh -1 Iru vlpsolflw|/ zh irfxv rq olqhdu uhyhqxh0vkdulqj uxohv1 Ghqrwh
sduwqhu *v uhyhqxh vkduh e| r dqg wkh oxps0vxp wudqvihu iurp  wr  e| 81 Wkhq wkh
frqwudfw jlyhv  d uhyhqxh ri r- n 8 dqg  d uhyhqxh ri E  r-  81
Wkh gdwh 6 ghflvlrq/ Bc lv qrw frqwudfwleoh dw gdwh 31 Iru h{dpsoh/ lw lv gl!fxow wr
ghwhuplqh dw wkh ehjlqqlqj ri d mrlqw yhqwxuh zkhwkhu wkh yhqwxuh vkrxog eh phujhg zlwk
dqrwkhu up lq wkh ixwxuh1 Vxfk d ghflvlrq lv riwhq pdgh diwhu qhz lqirupdwlrq duulyhv
dqg wkh qhz lqirupdwlrq lv gl!fxow wr frqwudfw rq h{ dqwh1 Wkhuhiruh/ lw lv qhfhvvdu|
wr hvwdeolvk uxohv +ru frqwuro0uljkw duudqjhphqwv, dffruglqj wr zklfk wkh ghflvlrq lv wr
8Wkh uhodwlrqvkls ehwzhhq wklv vhwxs dqg wkdw ri JKP zloo eh glvfxvvhg lq Vhfwlrq 5151
8eh pdgh1 Zlwkrxw orvv ri jhqhudolw|/ wkh pdnlqj ri wkh h{ srvw ghflvlrq lv dvvxphg wr
uhtxluh qr frvwo| hruw1
Zh dvvxph wkdw wkh wzr sduwqhuv dvvljq frqwuro uljkwv ryhu wkh mrlqw surmhfw dw gdwh
f1 Wkhuh duh wzr srvvleoh duudqjhphqwv= +4, xqlodwhudo frqwuro e| hlwkhu  ru /d q g
+5, mrlqw frqwuro e|  dqg 1 Xqghu xqlodwhudo frqwuro/ wkh frqwuroolqj sduw| fdq fkrrvh
B wr pd{lpl}h klv rzq sd|r lqvwhdg ri wkh wrwdo vxusoxv/ zkloh xqghu mrlqw frqwuro/
qr ghflvlrq rwkhu wkdq wkh vwdwxv txr +B 'f , fdq eh pdgh zlwkrxw wkh wzr sduwlhv
djuhhlqj wr gr vrphwklqj hovh1 Wkhuhiruh/ lq erwk fdvhv/ wkhuh lv urrp iru wkh sduwlhv
wr edujdlq wr uhdfk d pruh h!flhqw ghflvlrq1 Zh dvvxph wkdw/ dw gdwh 5/ ghflvlrq B
ehfrphv frqwudfwleoh dqg wkhuh lv qr dv|pphwulf lqirupdwlrq derxw wkh ehqhwv1 Wkhq/
xqghu hdfk duudqjhphqw/ wkh wzr sduwlhv zloo edujdlq vxffhvvixoo| dw gdwh 5 wr uhdfk dq
h{ srvw h!flhqw ghflvlrq1
515 Wkh h{ srvw ghflvlrq
Ehiruh zh glvfxvv lq ghwdlo wkh sduwqhuv* edujdlqlqj ryhu wkh h{ srvw ghflvlrq B/z hp d n h
vrph dvvxpswlrqv derxw zkdw wkh frqwuroolqj sduwqhu fdq gr zlwk wkh ghflvlrq0pdnlqj
srzhu1 Iluvw/ wkh frqwuroolqj sduwqhu fdq h{sursuldwh wkh uhyhqxh ri wkh mrlqw yhqwxuh dqg
wkh rwkhu sduwqhu*v sulydwh ehqhw1 Vxfk h{sursuldwlrq fdq wdnh d ydulhw| ri irupv1 Wkh
frqwuroolqj sduwqhu ri d mrlqw yhqwxuh pd| vhoo wkh dvvhwv ri wkh mrlqw yhqwxuh dw ehorz0
wkh0pdunhw sulfhv wr dqrwkhu hqwlw| frqwuroohg e| lwv sduhqw frpsdq|1 Lw pd| qdqfh
wkh h{sdqvlrq ri wkh yhqwxuh e| lvvxlqj qhz vkduhv dw idyrudeoh sulfhv wr lwv sduhqw
frpsdq| wr gloxwh wkh lqwhuhvwv ri wkh rwkhu vkduhkroghuv1 Lw pd| dovr vhoo surgxfwv ri
wkh mrlqw yhqwxuh wr +ru ex| lqsxwv iurp, lwv sduhqw frpsdq| dw ehorz0wkh0pdunhw +ru
deryh0wkh0pdunhw, sulfhv1 Vxfk vhoi0ghdolqj dfwlylwlhv ehqhw wkh sduhqw frpsdq| ri wkh
frqwuroolqj sduwqhu dw wkh h{shqvh ri wkh mrlqw yhqwxuh1 Iru pruh dqg ghwdlohg h{dpsohv/
vhh R*Qhdo +4<;:,/ R*Qhdo dqg Wkrpsvrq +4<<8,/ dqg Vklvklgr +4<;:,1
Lq dgglwlrq wr h{sursuldwlrq/ zh dovr dvvxph wkdw wkh frqwuroolqj sduwqhu fdq xvh klv
srzhu wr hqkdqfh wkh ydoxh ri wkh mrlqw yhqwxuh1 Lq wkh h{dpsoh ri vhoolqj wkh rxwsxw ru
wkh dvvhwv/ wkh frqwuroolqj sduwqhu fdq xvh klv glvfuhwlrq wr vhoo wr d wklug sduw| dw wkh
kljkhvw srvvleoh sulfh jlyhq wkh suhydlolqj pdunhw frqglwlrq1
9Wr irupdol}h wkh deryh glvfxvvlrq/ zh dvvxph wkdw wkh h{ srvw ghflvlrq frqvlvwv ri
wkuhh glphqvlrqv ri dfwlrqv1 Wkh uvw glphqvlrq ri dfwlrqv/ ghqrwhg e| _￿/ lqfuhdvhv
sduwqhu *v sulydwh ehqhw dw wkh h{shqvh ri wkh yhuldeoh uhyhqxh dqg sduwqhu *v
sulydwh ehqhw1 V|pphwulf wr wklv/ wkh vhfrqg glphqvlrq ri dfwlrqv/ ghqrwhg e| _￿/
lqfuhdvhv sduwqhu *v sulydwh ehqhw dw wkh h{shqvh ri wkh yhuldeoh uhyhqxh dqg sduwqhu
*v sulydwh ehqhw1 Lq frqwudvw/ wkh wklug glphqvlrq ri dfwlrqv lqfuhdvhv erwk sduwqhuv*
sulydwh ehqhwv dv zhoo dv wkh yhuldeoh uhyhqxh1 Khqfh zh kdyh B 'E _￿c_ ￿c_1L w
vkrxog eh fodulhg wkdw E_￿c_ ￿c_ duh wkuhh glphqvlrqv ri wkh vdph ghflvlrq dqg fdqqrw
eh dvvljqhg wr glhuhqw sduwqhuv1 Dv lv fohdu iurp vrph ri wkh h{dpsohv zh glvfxvvhg lq
wkh odvw wzr sdudjudskv/ li d sduwqhu lv jlyhq wkh uljkw wr frqwuro _/w k h qk hf d q q r we h
suhyhqwhg iurp frqwuroolqj _￿ dqg _￿1
Iru vlpsolflw|/ zh ixuwkhu lpsrvh wkh iroorzlqj vwuxfwxuh rq oEB/ @EB/d q gKEB=
oE_￿c_ ￿c_'o￿  o2_￿  o￿_￿ n oe_c
@E_￿c_ ￿c_'@￿ n @2_￿  @￿_￿ n @e_c
KE_￿c_ ￿c_'K￿  K2_￿ n K￿_￿ n Ke_c
zkhuh o￿/ @￿/d q gK￿ duh srvlwlyh dqg _￿c_ ￿c_5 dfco/ zlwk E_￿c_ ￿c_'E f cfcf
uhsuhvhqwlqj wkh vwdwxv txr1
Uhpdun= H{sursuldwlrq e| rqh sduwqhu ri wkh rwkhu pdnhv wkh iruphu ehwwhu r exw
wkh odwwhu zruvh r wkdq xqghu wkh vwdwxv txr1 Wkxv zh dovr fdoo h{sursuldwlrq d edg
dfwlrq/ lq frqwudvw wr wkh jrrg dfwlrq glvfxvvhg deryh/ zklfk pdnhv qr sduwqhu zruvh r
wkdq xqghu wkh vwdwxv txr1 Lq JKP/ wkh h{ srvw ghflvlrq lv derxw zkr zloo kdyh dffhvv
wr dq dvvhw1 Vshflfdoo|/ wkh ghflvlrq fdq eh zulwwhq dv B 'E B￿cB￿/z k h u hB￿ 'fphdqv
sduwqhu  grhv qrw kdyh dffhvv/ dqg B￿ 'phdqv sduwqhu  kdv dffhvv/ wr wkh dvvhw1
B 'E f cf lv wkh vwdwxv txr lq zklfk qr sduwqhu kdv dffhvv1 Dv dq| dffhvv ghflvlrq lv
qr zruvh wkdq wkh vwdwxv txr/ wkhuh lv qr edg dfwlrq lq JKP1 Lw lv wklv glvwlqjxlvklqj
ihdwxuh ri JKP*v prgho wkdw jlyhv ulvh wr wkh grplqdqfh ri xqlodwhudo frqwuro ryhu mrlqw
frqwuro1 Ixuwkhupruh/ lq JKP*v vhwxs/ wkhuh duh wzr glphqvlrqv ri jrrg dfwlrqv/ ryhu
zklfk wkh wzr sduwqhuv kdyh frq lfwlqj suhihuhqfhv ^ suhihuv B 'E  cf zkloh  suhihuv
B 'E f c`1 Wklv idflolwdwhv wkh frpsdulvrq ri *v xqlodwhudo frqwuro yhuvxv *v xqlodwhudo
frqwuro1 Lq rxu prgho/ zh ixvh wkh wzr glphqvlrqv ri jrrg dfwlrqv lqwr rqh/ zklfk pdnhv
:xqlodwhudo frqwuro hyhq pruh ghvludeoh1 Rxu irfxv lv rq krz wkh suhvhqfh ri edg dfwlrqv
dv zhoo dv jrrg dfwlrqv dhfw wkh rswlpdolw| ri xqlodwhudo frqwuro yhuvxv mrlqw frqwuro1 Lq
Vhfwlrq 8/ zh zloo ixuwkhu glvfxvv krz wkhvh glhuhqfhv ehwzhhq rxu prgho dqg wkdw ri
JKP dhfw wkh suhglfwlrqv rq dvvhw rzqhuvkls1
Dv d ehqfkpdun/ qrwh wkdw wkh h{ srvw h!flhqw ghflvlrq pd{lpl}hv wkh vxp ri wkh
wzr sduwqhuv* sd|rv1 Wkdw lv/
4@ 
E_￿c_￿c_￿
- n ￿ n ￿ 'E o￿+ n @￿+￿ n K￿+￿
nEoe+ n @e+￿ n Ke+￿_
nE@2+￿  o2+  K2+￿_￿
nEK￿+￿  o￿+  @￿+￿_￿
Ghqrwh wkh h{ srvw h!flhqw fkrlfh e| E_W
￿c_ W
￿c_ W Lw lv fohdu wkdw _W ' 1Z h d v v x p h
wkdw h{sursuldwlrq lv qhyhu h!flhqw1 Wkdw lv/
@2+￿ 	o 2+ n K2+￿c




516 Vshflfdwlrq ri wkh edujdlqlqj jdph
Zh xvh wkh Qdvk edujdlqlqj vroxwlrq wr prgho wkh gdwh 5 edujdlqlqj surfhvv ehwzhhq
wkh sduwqhuv1 Vxssrvh T￿ lv sduwqhu *v glvdjuhhphqw sd|r/ l1h1/ wkh sd|r wkdw sduwqhu
 fdq jxdudqwhh zlwkrxw wkh rwkhu sduwqhu*v frrshudwlrq/ iru  ' c1 Vlqfh wkh gdwh
6 ghflvlrq lv xvxdoo| lqh!flhqw zlwkrxw sulru djuhhphqw/ wkhuh lv srwhqwldo iru h!flhqf|




E- n ￿ n ￿  ET￿ n T￿
Xqghu wkh Qdvk edujdlqlqj vroxwlrq/ wkh sd|r wr sduwqhu  lv
`￿ ' T￿ n b￿-7
;iru  ' c/z k h u hb￿ lv sduwqhu *v edujdlqlqj srzhu dqg b￿ n b￿ ' 1
Wkh vshflfdwlrq ri wkh glvdjuhhphqw sd|rv kdv lpsruwdqw lpsolfdwlrqv iru wkh uroh
ri wkh uhyhqxh0vkdulqj frqwudfw> zkhwkhu ru qrw wkh uhyhqxh0vkdulqj frqwudfw hyhq kdv
d uroh wr sod| ghshqgv rq zkhwkhu ru qrw dq| yhuldeoh uhyhqxh fdq eh surgxfhg ehiruh
wkh sduwqhuv uhdfk dq djuhhphqw derxw wkh gdwh 6 ghflvlrq1
Li qr yhuldeoh uhyhqxh lv surgxfhg dw doo ehiruh wkh sduwqhuv uhdfk dq djuhhphqw
derxw wkh gdwh 6 ghflvlrq/ wkhq wkh glvdjuhhphqw sd|rv/ T￿ dqg T￿/ duh lqghshqghqw
ri wkh uhyhqxh0vkdulqj frqwudfw1 Wklv lv ehfdxvh/ ehiruh dq djuhhphqw lv uhdfkhg/ wkhuh
lv qr uhyhqxh wr eh vkduhg1 Frqvhtxhqwo|/ -7 grhv qrw ghshqg rq wkh uhyhqxh0vkdulqj
frqwudfw dqg qhlwkhu gr `￿ dqg `￿1 Wklv lpsolhv wkdw wkh uhyhqxh0vkdulqj frqwudfw
kdv qr hhfw rq lqyhvwphqw lqfhqwlyhv1 JKP pdnh wklv dvvxpswlrq derxw wkh yhuldeoh
uhyhqxh dqg dqdo|}h wkh uroh ri rzqhuvkls duudqjhphqwv zlwkrxw frqvlghulqj wkh uroh ri
uhyhqxh0vkdulqj frqwudfwv1
Lq wklv sdshu/ zh dvvxph wkdw vrph yhuldeoh uhyhqxh fdq eh surgxfhg ehiruh dq|
djuhhphqw lv uhdfkhg ehwzhhq wkh sduwqhuv derxw wkh gdwh 6 ghflvlrq1 Wkh h{ dqwh
uhyhqxh0vkdulqj frqwudfw lv krqruhg xqohvv erwk sduwqhuv djuhh wr fkdqjh lw1 Khqfh
wkh glvdjuhhphqw sd|rv gr ghshqg rq wkh uhyhqxh0vkdulqj frqwudfw1 Dv d uhvxow/ wkh
uhyhqxh0vkdulqj frqwudfw dhfwv wkh sduwqhuv* qdo sd|rv/ `￿ dqg `￿/ dqg frqvh0
txhqwo| wkhlu lqyhvwphqw lqfhqwlyhv1 Qrwh wkdw/ xqghu rxu dvvxpswlrq/ frqwuro0uljkw du0
udqjhphqwv vwloo kdyh wkhlu lqfhqwlyh hhfwv e| dhfwlqj wkh glvdjuhhphqw sd|rv1 Wkxv
uhyhqxh0vkdulqj frqwudfwv dqg frqwuro0uljkw duudqjhphqwv vkrxog eh mrlqwo| ghwhuplqhg
wr pd{lpl}h wkhlu lqfhqwlyh hhfwv1
Zh eholhyh wkdw hdfk ri wkh diruhphqwlrqhg dvvxpswlrqv derxw wkh yhuldeoh uhyhqxh
lv uhdvrqdeoh xqghu vrph flufxpvwdqfhv1 Lq d ex|hu0vhoohu uhodwlrqvkls zlwk wkh txdolw|
ri wkh jrrgv ghwhuplqhg rqo| diwhu lqyhvwphqwv duh pdgh/ vxfk dv lv riwhq dqdo|}hg lq
JKP prghov/ surgxfwlrq fdqqrw eh fduulhg rxw ehiruh dq djuhhphqw derxw wkh txdolw|
ri wkh jrrgv lv uhdfkhg1 Lq vxfk d vlwxdwlrq/ lw lv uhdvrqdeoh wr dvvxph wkdw wkhuh lv
qr yhuldeoh uhyhqxh +ru frvw, wr eh vkduhg ehiruh dq djuhhphqw lv uhdfkhg1 Krzhyhu/
lq mrlqw yhqwxuhv/ hvshfldoo| surgxfw mrlqw yhqwxuhv/ wkh h{ dqwh mrlqw0yhqwxuh frqwudfw
surylghv hqrxjk ghwdlov derxw wkh surgxfwlrq sodq vr wkdw vrph yhuldeoh uhyhqxh fdq
eh surgxfhg zlwkrxw dq| qhz djuhhphqw ehwzhhq wkh sduwqhuv/ dowkrxjk vxfk d sodq
fdq eh prglhg e| h{ srvw ghflvlrqv1
<Uhpdun= Xvlqj d vwudwhjlf edujdlqlqj iudphzrun/ zh rewdlq vlplodu uhvxowv rq wkh
rswlpdolw| ri mrlqw frqwuro yhuvxv xqlodwhudo frqwuro1 Wkhuh/ frqwuro0uljkw duudqjhphqwv
duh pdgh wr hqvxuh wkdw uhyhqxh0vkdulqj frqwudfwv duh vhoi0hqiruflqj1
517 Edujdlqlqj jdph xqghu ydulrxv frqwuro duudqjhphqwv
Lq wkh uhpdlqghu ri wklv vhfwlrq/ zh surylgh d ghwdlohg dqdo|vlv ri wkh edujdlqlqj rxwfrph
xqghu ydulrxv frqwuro0uljkw dvvljqphqwv1
51714 Xqlodwhudo frqwuro e| sduwqhu 




E@￿ n @2_￿  @￿_￿ n @e_+￿Ekcq
nrEo￿  o2_￿  o￿_￿ n oe_+Ekcq
Vshflfdoo|/  fkrrvhv _￿ 'f > _ ' >d q g_￿
￿ 'fli r  @2+￿Ekcq*do2+Ekcqoc dqg
_￿
￿ 'rwkhuzlvh1  fkrrvhv _ 'ehfdxvh _ lqfuhdvhv erwk wkh yhuldeoh uhyhqxh dqg
klv rzq sulydwh ehqhw/ dqg _￿ 'fehfdxvh _￿ ghfuhdvhv erwk wkh yhuldeoh uhyhqxh
dqg *v sulydwh ehqhw1 Wkh fkrlfh ri _￿ lv ohvv vwudljkwiruzdug/ dv _￿ lqfuhdvhv *v
sulydwh ehqhw dw wkh h{shqvh ri wkh yhuldeoh uhyhqxh1 Lqwxlwlyho|/  f k r r v h vw rv k l i w
prqh| iurp wkh yhuldeoh uhyhqxh wr klv sulydwh ehqhw li kh grhv qrw kdyh d vljqlfdqw
uhyhqxh vkduh1
*v ghflvlrq lv qrw dozd|v h{ srvw h!flhqw1 Zlwk frvwohvv edujdlqlqj dw gdwh 5/
wkh wzr sduwqhuv zloo fkrrvh wkh h{ srvw h!flhqw ghflvlrq dqg jhqhudwh d uhqhjrwldwlrq
vxusoxv ri
-7￿ 'E o￿ n oe+EkcqnE @￿ n @e+￿EkcqnE K￿ n Ke+￿Ekcq
Eo￿  o2_
￿
￿ n oe+Ekcq  E@￿ n @2_
￿






43Dvvxplqj wkdw wkh| vsolw wkh uhqhjrwldwlrq vxusoxv lq wkh udwlr ri b wr b/ sduwqhuv
 dqg  kdyh wkh iroorzlqj sd|rv=
`￿






￿ 'E K￿  K2_￿
￿ n Ke+￿Ekcq
nE  rEo￿  o2_￿
￿ n oe+EkcqnE  b-7￿c
+5,
zkhuh vxshuvfulsw  uhsuhvhqwv xqlodwhudo frqwuro e| sduwqhu 1
51715 Xqlodwhudo frqwuro e| sduwqhu 
Vlplodu dqdo|vlv fdq eh fduulhg rxw iru wkh fdvh wkdw sduwqhu  kdv wkh xqlodwhudo frqwuro1
Vshflfdoo|/ zlwkrxw vxffhvvixo edujdlqlqj dw gdwh 5/  fkrrvhv E_￿c_ ￿c_ wr
4@ 
E_￿c_￿c_￿
EK￿  K2_￿ n K￿_￿ n Ke_+￿Ekcq
nE  rEo￿  o2_￿  o￿_￿ n oe_+Ekcq
Klv rswlpdo fkrlfh lv= _￿ 'f > _ ' >d q g_￿
￿ 'fli r    K￿+￿Ekcq*do￿+Ekcqoc
dqg _￿
￿ 'rwkhuzlvh1 Vxfk ghflvlrq e|  frxog eh lqh!flhqw1 E| pdnlqj wkh h{ srvw




￿Eo￿+ n @￿+￿  K￿+￿c
dqg wkhlu uhvshfwlyh sd|rv duh
` ￿
￿ 'E @￿  @￿_￿
￿ n @e+￿
nrEo￿  o￿_￿
￿ n oe+ n b-7￿c
+6,
` ￿
￿ 'E K￿ n K￿_￿
￿ n Ke+￿
nE  rEo￿  o￿_￿
￿ n oe+ nE  b-7￿c
+7,
zkhuh vxshuvfulsw  uhsuhvhqwv xqlodwhudo frqwuro e| sduwqhu 1
4451716 Mrlqw frqwuro e| sduwqhuv  dqg 
Xqghu mrlqw frqwuro/ wkh wzr sduwqhuv fdqqrw djuhh wr dq| ghflvlrq ^l1h1/ E_￿c_ ￿c_'
Efcfcf` lq wkh devhqfh ri edujdlqlqj dw gdwh 51 E| pdnlqj wkh h{ srvw h!flhqw ghflvlrq/
wkh wzr sduwqhuv fdq lqfuhdvh wkh wrwdo vxusoxv e|
-7a ' oe+ n @e+￿ n Ke+￿c
dqg wkhlu sd|rv duh
` a
￿ ' @￿+￿ n ro￿+ n b-7ac +8,
`a
￿ ' K￿+￿ nE  ro￿+ nE  b-7ac +9,
zkhuh vxshuvfulsw a uhsuhvhqwv mrlqw frqwuro e|  dqg 1
Wkh deryh dqdo|vlv vkrzv wkdw erwk wkh uhyhqxh0vkdulqj frqwudfw dqg wkh frqwuro0
uljkw duudqjhphqw dhfw lqyhvwphqw lqfhqwlyhv1 Lq wkh uhpdlqghu ri wklv sdshu/ zh glvfxvv
wkh rswlpdo fkrlfh ri erwk uhyhqxh0vkdulqj dqg frqwuro0uljkw duudqjhphqwv1 Zh qg wkdw
wkh frqwuro0uljkw duudqjhphqw kdv wzr pdlq lqfhqwlyh hhfwv wkdw duh ehvw looxvwudwhg e|
wzr vshfldo fdvhv1 Vhfwlrqv 6 dqg 7 dqdo|}h wkh vshfldo fdvhv uhvshfwlyho|1
6 Xqedodqfhg Lqfhqwlyhv
Lq wklv vhfwlrq/ zh frqvlghu d vshfldo fdvh zkhuh +￿Ekcq'+￿Ekcq'+Ekcq9 Xqghu
wklv vshflfdwlrq/ hdfk sduwqhu*v lqyhvwphqw kdv d srvlwlyh hhfw rq wkh rwkhu sduwqhu*v
sulydwh ehqhw dv zhoo dv rq klv rzq1 Lq rwkhu zrugv/ wkh lqyhvwphqw frqwdlqv d frrshu0
dwlyh hohphqw1: Rxu remhfwlyh lq wklv vhfwlrq lv wr looxvwudwh wkhuh lv d frvw ri xqlodwhudo
frqwuro zkhq d frqwuroolqj sduwqhu fdq lqfuhdvh klv sulydwh ehqhw dw wkh h{shqvh ri
9Jlyhq wkh iuhhgrp lq wkh vl}hv ri d*v dqg e*v uhodwlyh wr u*v/ wklv vshflfdwlrq lv qrw dv uhvwulfwlyh dv
lw pd| dsshdu1
:Vhh Fkh dqg Kdxvfk +4<<<, iru dqrwkhu glvfxvvlrq ri frrshudwlyh lqyhvwphqw1
45wkh rwkhu sduwqhu*v sulydwh ehqhw dqg wkh surmhfw*v uhyhqxh1 Lq sduwlfxodu/ zh zloo
vkrz wkdw xqlodwhudo frqwuro pdnhv lw gl!fxow wr rhu edodqfhg lqfhqwlyhv ghvslwh ri wkh
khos iurp wkh uhyhqxh0vkdulqj frqwudfwv1 Wr irfxv rq wkh lvvxh ri edodqfhg lqfhqwlyhv
dqg dovr iru hdvh ri h{srvlwlrq/ zh fduu| rxw rxu dqdo|vlv lq wkh v|pphwulf fdvh zkhuh
+Ekcq'+Eqck/ @￿ ' K￿/ @2 ' K￿/ @￿ ' K2/ @e ' Ke/ o2 ' o￿/d q gb ' *2 Wr kljkoljkw
rxu pdlq srlqw/ zh dovr dvvxph wkh iroorzlqj frqglwlrq=
Dvvxpswlrq 4= o2 	@ 2 	o 2 n K2
Qrwh wkdw/ lq wkh v|pphwulf fdvh/ Dvvxpswlrq 4 lv wkh vdph dv o￿ 	K ￿ 	o ￿ n @￿
Sduw ri wklv dvvxpswlrq +l1h1/ @2 	o 2 n K2 ru htxlydohqwo| K￿ 	o ￿ n @￿, uhvwdwhv rxu
hduolhu dvvxpswlrq wkdw wkh h{ srvw h!flhqw ghflvlrq lv E_W
￿c_ W
￿c_ W'E f cfc1 Xqghu
wkh h{ srvw h!flhqw ghflvlrq/ wkh wrwdo ehqhw ri wkh mrlqw yhqwxuh lv &W+Ekcqc zkhuh






&W+Ekcq  k  q







Wkh vhfrqg0ehvw lv wkh ehvw rxwfrph wkh mrlqw yhqwxuh fdq dfklhyh li hdfk sduwqhu fkrrvhv
klv h{ dqwh lqyhvwphqw dffruglqj wr klv vhoi0lqwhuhvw exw wkh h{ srvw h!flhqw ghflvlrq lv












Frqwudu| wr wkh dvvxpswlrq iru wkh vhfrqg0ehvw/ wkh h{ srvw h!flhqw ghflvlrq fdqqrw
eh pdgh dxwrpdwlfdoo| zlwkrxw edujdlqlqj1 Li  lv wkh frqwuroolqj sduwqhu/ kh zrxog
fkrrvh E_￿
￿c_ ￿
￿c_ ￿'E  cfc lq wkh devhqfh ri vxffhvvixo edujdlqlqj dw gdwh 51 Lqwxlwlyho|/
*v frvw ri fkrrvlqj _￿
￿ 'frphv iurp wkh ghfuhdvh lq wkh yhuldeoh uhyhqxh +o2,/
zkhuhdv wkh wrwdo frvw +o2 nK2, dovr lqfoxghv wkh ghfuhdvh lq sduwqhu *v sulydwh ehqhw1
Zkhq *v ehqhw iurp fkrrvlqj _￿
￿ '+l1h1/ wkh lqfuhdvh lq *v sulydwh ehqhw ru @2,l v
46lq ehwzhhq klv sulydwh frvw dqg wkh vrfldo frvw dv lpsolhg e| Dvvxpswlrq 4/ wkhuh h{lvwv
d glyhujhqfh ehwzhhq *v ghflvlrq dqg wkh h{ srvw h!flhqw rqh1; Vlploduo|/ li  lv wkh
frqwuroolqj sduwqhu/ kh zrxog fkrrvh E_￿
￿c_ ￿
￿c_ ￿'E f cc lq wkh devhqfh ri vxffhvvixo
edujdlqlqj dw gdwh 51
Dw gdwh 4/ sduwqhu  fkrrvhv k wr pd{lpl}h klv sd|r ` ￿
￿ qhw ri lqyhvwphqw frvw
k dqg sduwqhu  fkrrvhv q wr pd{lpl}h klv sd|r `￿
￿ qhw ri lqyhvwphqw frvw q/z k h u h
 ' / c ru a uhsuhvhqwlqj wkh vshflf frqwuro duudqjhphqw1 Wkh h{ dqwh lqyhvwphqwv















￿ 'E @￿ n @2 n @enrEo￿  o2 n oenbEo2 n K2  @2c
S￿
￿ 'E @￿  @￿ n @enrEo￿  o￿ n oenbEo￿ n @￿  K￿c
Sa




Xqghu wkh dvvxpswlrq ri +￿Ekcq'+￿Ekcq'+Ekcq/ wkh wzr sduwqhuv* sd|rv
duh uhvshfwlyho| S￿
￿+Ekcq dqg S￿
￿+Ekcq/ zklfk lpsolhv wkdw wkh sduwqhuv* lqfhqwlyhv duh
jlyhq e| +:, dqg +;,1 Ohw xv fdoo d sdlu ri lqfhqwlyh frh!flhqwv S￿
￿ dqg S￿
￿ dq h{ srvw
frqwudfw1 Qrwh wkdw/ wkrxjk wkh h{ dqwh lqyhvwphqwv +kcq, pd| ydu| iurp rqh frqwuro
duudqjhphqw wr dqrwkhu/ wkh vxp ri wkh lqfhqwlyh frh!flhqwv +l1h1/ S￿
￿nS￿
￿, lv dozd|v htxdo
wr &W1 Wklv lv ehfdxvh wkh vdph h{ srvw h!flhqw ghflvlrq ^l1h1/ E_W
￿c_ W
￿c_ W'E f cfc`l v
wdnhq dv d uhvxow ri edujdlqlqj dw gdwh 5 dqg +￿Ekcq'+￿Ekcq'+Ekcq1 Khqfh/ doo
h{ srvw frqwudfwv olh lq wkh vdph frqwudfw olqh/ S￿
￿ nS￿
￿ ' &W/ lqghshqghqw ri wkh h{ dqwh
uhyhqxh0vkdulqj dqg frqwuro0uljkw duudqjhphqwv1
;Qrwh wkdw/ xqghu wkh vshflfdwlrq ri uhyhqxh dqg sulydwh ehqhwv lq wklv vhfwlrq/ D*v ghflvlrq lq
wkh devhqfh ri vxffhvvixo edujdlqlqj dw gdwh 5 lv lqghshqghqw ri wkh h{ dqwh lqyhvwphqwv +l1h1/  dqg ,1
47Krzhyhu/ wkh udqjh ri ihdvleoh +h{ srvw, frqwudfwv zlwklq wkh frqwudfw olqh ghshqgv
rq wkh vshflf frqwuro0uljkw duudqjhphqw1 Zkhq  kdv xqlodwhudo frqwuro/ kh fdq fkrrvh
wkh gdwh 6 ghflvlrq wr lqfuhdvh klv sulydwh ehqhw dw wkh h{shqvh ri *v/ zklfk uhvxowv
lq sd|r uhglvwulexwlrq lq idyru ri sduwqhu 1 Khqfh  kdv kljkhu lqfhqwlyh exw  kdv
orzhu lqfhqwlyh/ prylqj wkh udqjh ri ihdvleoh frqwudfwv wr wkh uljkw dorqj wkh frqwudfw
olqh1 Zkhq *v ehqhw iurp h{sursuldwlrq lv wrr odujh uhodwlyh wr klv frvw ri h{sursuldwlrq
^vhh lqhtxdolw| +<, ehorz iru ghwdlov`/ ihdvleoh frqwudfwv ehfrph vr xqedodqfhg wkdw wkh|
gr qrw lqfoxgh wkh vhfrqg0ehvw frqwudfw +Iljxuh 414,1 D uhyhuvh hhfw h{lvwv xqghu E*v
xqlodwhudo frqwuro1 Lq frqwudvw/ zlwk mrlqw frqwuro/ qhlwkhu ri wkh sduwqhuv fdq wkuhdwhq
wr h{sursuldwh wkh rwkhu dqg frqvhtxhqwo|/ pruh edodqfhg frqwudfwv suhydlo/ lqfoxglqj
wkh vhfrqg0ehvw frqwudfw +Iljxuh 415,1
Vshflfdoo|/ xqghu xqlodwhudo frqwuro e| / S￿
￿ lv lq wkh udqjh dS￿
￿Er 'f  cS ￿
￿Er ' o/
ru
d@￿ n @2 n @e n

2
Eo2 n @￿  @2c@ ￿ n @2 n @e nE o￿  o2 n oen

2
Eo2 n @￿  @2o
dv sduwqhu *v uhyhqxh vkduh lqfuhdvhv iurp }hur wr rqh1 Xqghu xqlodwhudo frqwuro e| /
S￿
￿ lv lq wkh udqjh dS￿
￿Er 'f  cS ￿
￿Er ' o/r u
d@￿  @￿ n @e n

2
Eo￿ n @￿  @2c@ ￿  @￿ n @e nE o￿  o￿ n oen

2
Eo￿ n @￿  @2o
Xqghu mrlqw frqwuro/ Sa
￿ lv lq wkh udqjh dSa
￿Er 'f  cS a
￿Er ' o/r u
d@￿ n @e n

2




Fohduo|/ wkh vhfrqg0ehvw S7￿
￿ lv lq wkh udqjh ri Sa
￿1 Krzhyhu/ S7￿
￿ lv qhlwkhu lq wkh udqjh
ri S￿
￿ q r ul qw k hu d q j hr iS￿











@2 n @￿ :o ￿  o2 n oe +<,
Wkhq/ zh kdyh wkh iroorzlqj sursrvlwlrq1
48Sursrvlwlrq 4= Lq wkh v|pphwulf fdvh zkhuh +￿Ekcq'+￿Ekcq'+Ekcqc+ Ekcq'
+Eqck/ @￿ ' K￿/ @2 ' K￿/ @￿ ' K2/ @e ' Ke/ o2 ' o￿c dqg b ' *2/ xqghu Dvvxpswlrq 4/
wkh vhfrqg0ehvw fdq eh lpsohphqwhg e| mrlqw frqwuro/ exw li
@2 n @￿ :o ￿  o2 n oec
lw fdqqrw eh lpsohphqwhg e| xqlodwhudo frqwuro1 Wkhq/ mrlqw frqwuro lv vxshulru wr xqlodw0
hudo frqwuro1 Rwkhuzlvh/ mrlqw frqwuro dqg xqlodwhudo frqwuro duh htxdoo| h!flhqw1
Sursrvlwlrq 4 vd|v wkdw/ lq wkh v|pphwulf fdvh/ zkhq h{sursuldwlrq fdxvhv vx!flhqw
ehqhw vkliwlqj +@2 n @￿ n o2 :o ￿ n oe,/ lqfhqwlyhv xqghu xqlodwhudo frqwuro duh vr
xqedodqfhg wkdw wkh vhfrqg0ehvw fdqqrw eh lpsohphqwhg e| xqlodwhudo frqwuro/ exw lw
fdq dozd|v eh lpsohphqwhg e| mrlqw frqwuro1
7 Orvv ri Wrwdo Lqfhqwlyh Srzhu
Zh kdyh glvfxvvhg wkh glvwulexwlrq ri lqfhqwlyhv ehwzhhq wkh wzr sduwqhuv1 Wkh irfxv ri
wklv vhfwlrq lv rq wkh djjuhjdwh ohyho ri lqfhqwlyhv wkdw lv wr eh glvwulexwhg ehwzhhq wkh
wzr sduwqhuv1 Lq rwkhu zrugv/ lq wkh suhylrxv vhfwlrq zh looxvwudwhg krz wkh frqwuro0uljkw
duudqjhphqw pryhg ihdvleoh frqwudfwv dorqj d jlyhq frqwudfw olqh/ zkhuhdv lq wklv vhfwlrq
zh zloo looxvwudwh krz lw fdq fdxvh wkh frqwudfw olqh wr vkliw1 Iru wklv sxusrvh/ zh frqvlghu
d fdvh zkhuh d sduwqhu*v sulydwh ehqhw ghshqgv rqo| rq klv rzq lqyhvwphqw dqg zkhuh
wkh yhuldeoh uhyhqxh lv d olqhdu frpelqdwlrq ri wkh sduwqhuv* sulydwh ehqhwv1 Lq rwkhu
zrugv/ hdfk sduwqhu*v lqyhvwphqw lv vhoi0lqyhvwphqw li zh ljqruh lwv hhfw rq wkh yhuldeoh
uhyhqxh1 Vshflfdoo|/ +￿Ekcq'+￿Ekc+ ￿Ekcq'+￿Eq/d q g+Ekcq'+￿Ekn>+￿Eq/
zkhuh >:f lv d frqvwdqw1
Qrwh wkdw/ zlwk wkh h{ srvw h!flhqw ghflvlrq/ E_W
￿c_ W
￿c_ W'E f cfc/ wkh wrwdo qhw
vxusoxv +wkh vxp ri wkh wzr sduwqhuv* sd|rv qhw ri wkhlu lqyhvwphqw frvwv, ehfrphv
Eo￿ n oed+￿Ekn>+￿Eq onE @￿ n @e+￿EknE K￿ n Ke+￿Eq  k  q
'E o￿ n oe n @￿ n @e+￿EknE >o￿ n >oe n K￿ n Ke+￿Eq  k  q
49Wr idflolwdwh h{srvlwlrq/ iru hdfk sdlu ri lqfhqwlyh frh!flhqwv ES￿cS 2/z hg h  q h





Ehiruh frpsdulqj ydulrxv frqwuro0uljkw duudqjhphqwv/ zh glvfxvv wkh vhfrqg0ehvw
rxwfrph dv d ehqfkpdun1 Jlyhq d uhyhqxh0vkdulqj frqwudfw/ li wkh h{ srvw h!flhqw
ghflvlrq lv pdgh dxwrpdwlfdoo| zlwkrxw uhqhjrwldwlqj wkh uhyhqxh0vkdulqj frqwudfw/ wkhq
wkh lqfhqwlyh frh!flhqwv duh S￿ ' rEo￿noen@￿n@e dqg S2 'E r>Eo￿noenK￿nKe/
dqg wkh wrwdo qhw vxusoxv lv LES￿cS 21D vr lqfuhdvhv iurp f wr / wkh h{ srvw frqwudfw
ES￿cS 2 pryhv dorqj d frqwudfw olqh ri
>S￿ n S2 ' >Eo￿ n oen>E@￿ n @enK￿ n Ke +43,
Wkh vkdulqj uxoh wkdw pd{lpl}hv LES￿cS 2 vxemhfw wr frqvwudlqw +43, lv fdoohg wkh vhfrqg0
ehvw vkdulqj uxoh/ ru r ' r7￿1 Wkh fruuhvsrqglqj lqyhvwphqwv duh k ' k7￿ dqg q ' q
7￿1
Iljxuh 5 looxvwudwhv wkh vhfrqg0ehvw rxwfrph zlwk wkh khos ri wkh iroorzlqj ohppd/ erwk
frqglwlrqv ri zklfk duh vdwlvhg e| wkh Free0Grxjodv ixqfwlrq1
Ohppd 4 Vxssrvh E+￿
￿3￿E*S￿ lv frqyh{ dqg +￿dE+￿
￿3￿E*S￿o lv frqfdyh lq S￿/d q g
E+￿
￿3￿E*S2 lv frqyh{ dqg +￿dE+￿
￿3￿E*S2o lv frqfdyh lq S21 Wkhq LES￿cS 2 lv d frqfdyh
ixqfwlrq ri S￿ dqg S21I x u w k h u p r u h /YL*YS￿ : f li dqg rqo| li S￿ 	o ￿ n oe n @￿ n @e/
dqg YL*YS2 : f li dqg rqo| li S2 	> o ￿ n >oe n K￿ n Ke1<
Frqwudu| wr wkh dvvxpswlrq iru wkh vhfrqg0ehvw rxwfrph/ wkh h{ srvw h!flhqw ghflvlrq
pd| qrw eh srvvleoh zlwkrxw wkh sduwqhuv* uhqhjrwldwlqj wkh uhyhqxh0vkdulqj frqwudfw1
Wkh qdo sd|rv diwhu wkh uhqhjrwldwlrq ghshqg rq wkh frqwuro0uljkw duudqjhphqw1
Mrlqw Frqwuro e|  dqg 
<Xqghu wkh uvw0ehvw rxwfrph/ wkh lqfhqwlyh frh!flhqwv iru sduwqhuv D dqg E duh/ uhvshfwlyho|/
u4 . u7 . d4 . d7 dqg u4 . u7 . e4 . e71
4:Frqvlghu uvw mrlqw frqwuro e|  dqg 1 E| vxevwlwxwlqj -7a ' oe+ n @e+￿ n Ke+￿
lqwr +8, dqg +9,/ zh jhw
`
a
￿ ' @￿+￿ n ro￿+ n bEoe+ n @e+￿ n Ke+￿c +8*,
`
a
￿ ' K￿+￿ nE  ro￿+ nE  bEoe+ n @e+￿ n Ke+￿ +9*,
Vxevwlwxwlqj +Ekcq e| +￿Ekn>+￿Eq dqg glhuhqwldwlqj `a
￿ dqg ` a
￿/ uhvshfwlyho|/










'd K￿ n >E  ro￿ n >E  boe nE  bKeo+
￿
￿Eq
Wkxv wkh sduwqhuv* lqfhqwlyh frh!flhqwv duh S￿ ' ro￿ n boe n @￿ n b@e dqg S2 ' >E 
ro￿n>EboenK￿nEbKe/ dqg wkh wrwdo qhw vxusoxv xqghu mrlqw frqwuro lv LES￿cS 21
Dv r lqfuhdvhv iurp f wr / wkh h{ srvw frqwudfw ES￿cS 2 pryhv dorqj d frqwudfw olqh ri
>S￿ n S2 ' >Eo￿ n oen>E@￿ n b@enK￿ nE  bKe
' >Eo￿ n oen>E@￿ n @enK￿ n Ke  >E  b@e  bKe
+44,
Wkh vkdulqj uxoh wkdw pd{lpl}hv LES￿cS 2 vxemhfw wr frqvwudlqw +44, lv wkh rswlpdo
vkdulqj uxoh xqghu wkh mrlqw frqwuro/ ru r ' ra1 Krzhyhu/ dv wkh frqwudfw olqh iru mrlqw
frqwuro lv ehorz wkdw iru wkh vhfrqg0ehvw ^+44, dv frpsduhg wr +43,`/ mrlqw frqwuro lv
dozd|v zruvh wkdq wkh vhfrqg0ehvw1
Sursrvlwlrq 5= Lq wkh fdvh zkhuh +￿Ekcq'+￿Ekc+ ￿Ekcq'+￿Eqc+Ekcq'
+￿Ekn>+￿Eq/ mrlqw frqwuro lv dozd|v zruvh wkdq wkh vhfrqg0ehvw1
Wr xqghuvwdqg wkh lqwxlwlrq iru Sursrvlwlrq 5/ frpsduh htxdwlrqv +43, dqg +44,1 Ohw
xv fdoo wkh uljkw0kdqg vlgh ri hdfk htxdwlrq wkh wrwdo lqfhqwlyh srzhu iru wkh fruuhvsrqg0
lqj fdvh1 Zh fdq vhh wkdw wkh wrwdo lqfhqwlyh srzhu xqghu mrlqw frqwuro lv ohvv wkdq wkdw
4;xqghu wkh vhfrqg0ehvw e| >E  b@e n bKe1 Wkh uhdvrq iru wklv orvv ri wrwdo lqfhqwlyh
srzhu xqghu mrlqw frqwuro lv dv iroorzv1 Xqghu mrlqw frqwuro/ wkh h{ srvw h!flhqw gh0
flvlrq lv rqo| pdgh diwhu wkh wzr sduwqhuv uhdfk dq djuhhphqw lq wkhlu edujdlqlqj1 D
uhtxluhphqw iru wkh djuhhphqw lv d uhglvwulexwlrq ri ehqhwv ehwzhhq wkh sduwqhuv1 Rqh
frqvhtxhqfh ri wkh uhglvwulexwlrq lv wkdw sduw ri *v sulydwh ehqhw jrhv wr *v qdo sd|0
r dqg ylfh yhuvd1 Lqghhg/ htxdwlrqv +D￿,d q g+ S￿, vkrz wkdw *v sd|r frqwdlqv bKe+￿
dqg *v sd|r frqwdlqv Eb@e+￿1 Vlqfh qhlwkhu ri wkh sduwqhuv fduhv derxw wkh rwkhu
sduwqhu*v sulydwh ehqhw/ vxfk uhglvwulexwlrq ri ehqhwv uhgxfh wkh wrwdo lqfhqwlyh srzhu
iru wkh wzr sduwqhuv1 Xqghu wkh vhfrqg0ehvw/ krzhyhu/ wkh h{ srvw h!flhqw ghflvlrq lv
pdgh zlwkrxw uhqhjrwldwlrq dqg wkxv wkhuh lv qr orvv ri wrwdo lqfhqwlyh srzhu1 Lw lv wklv
glhuhqfh lq wkh wrwdo lqfhqwlyh srzhu wkdw pdnhv mrlqw frqwuro ohvv h!flhqw wkdq wkh
vhfrqg0ehvw rxwfrph1
Xqlodwhudo Frqwuro e| 
Frqvlghu qh{w xqlodwhudo frqwuro e| 1 Wr fohduo| looxvwudwh wkh pdlq srlqwv/ zh irfxv
rq wzr vhwv ri sdudphwhu frqglwlrqv xqghu zklfk _￿
￿ grhv qrw ghshqg rq k dqg q143
Fdvh 4=
Vxssrvh r7￿  @2*o21W k h q r7￿ :@ 2+￿Ek*io2d+￿Ekn>+￿Eqoj iru dq| k dqg
q1 Wklv lpsolhv wkdw/ jlyhq r ' r7￿/  zloo dozd|v fkrrvh _￿
￿ 'fuhjdugohvv wkh
ydoxhv ri k dqg q1 Lq rwkhu zrug/ wkh h{ srvw h!flhqw ghflvlrq lv pdgh zlwkrxw dq|
edujdlqlqj1 Dv d uhvxow/ wkh lqfhqwlyh frh!flhqwv duh S￿ ' rEo￿ n oen@￿ n @e dqg
S2 'E  r>Eo￿ n oenK￿ n Ke/ zklfk duh wkh vdph dv wkrvh frh!flhqwv xqghu wkh
vhfrqg0ehvw1 Khqfh/  dqg  zloo fkrrvh wkh vhfrqg0ehvw lqyhvwphqwv/ k7￿ dqg q
7￿1
Wkhuhiruh/ wkh vhfrqg0ehvw rxwfrph lv jxdudqwhhg xqghu *v frqwuro1 Lq vxppdu|/ zh
kdyh=
Sursrvlwlrq 6= Vxssrvh +￿Ekcq'+￿Ekc+ ￿Ekcq'+￿Eqc+Ekcq'+￿Ekn>+￿Eq1
Wkhq/ li @2  r7￿o2/ *v frqwuro fdq |lhog wkh vhfrqg0ehvw rxwfrph dqg lv wkxv ehwwhu
wkdq mrlqw frqwuro1
43D frpsohwh dqdo|vlv zlwkrxw wkhvh uhvwulfwlrqv rq wkh sdudphwhuv |lhogv txdolwdwlyho| vlplodu uhvxowv/
dqg wkh ghwdlohg surri lv dydlodeoh xsrq uhtxhvw1
4<Sursrvlwlrq 6 vd|v wkdw xqlodwhudo frqwuro e|  lv ehwwhu wkdq mrlqw frqwuro li *v jdlq
lq sulydwh ehqhw/ @2c lv vpdoo uhodwlyh wr wkh wrwdo orvv ri yhuldeoh uhyhqxh o2 zkhq 
h{sursuldwhv 1
Wklv uhvxow lv qrw vxusulvlqj1 Zkhq  fdqqrw jdlq yhu| pxfk sulydwh ehqhw iurp
klv rssruwxqlvwlf ehkdylru/ wkh orvv ri klv sruwlrq ri wkh yhuldeoh uhyhqxh grplqdwhv
dqg kh wkhq kdv qr lqfhqwlyh wr hqjdjh lq wkh rssruwxqlvwlf ehkdylru1 Lq wkh devhqfh ri
rssruwxqlvwlf ehkdylru/ wkh vhfrqg0ehvw rxwfrph suhydlov1
D uhvxow vlplodu wr Sursrvlwlrq 6 fdq dovr eh ghulyhg iru *v xqlodwhudo frqwuro1 Wkh
vxerswlpdolw| ri mrlqw frqwuro jlyhq lq Sursrvlwlrq 6 fruuhvsrqgv wr wkdw ghulyhg iurp
wkh JKP prgho1 Vhfwlrq 8 frqwdlqv pruh ghwdlohg frpsdulvrq ri rxu zrun zlwk JKP*v1
Wkh qh{w uhvxow frqfhuqv wkh uhodwlrqvkls ehwzhhq uhyhqxh vkduh dqg frqwuro0uljkw
duudqjhphqwv1
Sursrvlwlrq 7= Vxssrvh +￿Ekcq'+￿Ekc+ ￿Ekcq'+￿Eqc+Ekcq'+￿Ekn>+￿Eq1
Ixuwkhu dvvxph wkdw @2 ' K￿ dqg o2 ' o￿1 Wkhq= +4, Li 6?ir7￿c  r7￿j@2*o2/ *v
frqwuro dqg *v frqwuro duh htxdoo| h!flhqw dqg duh erwk ehwwhu wkdq mrlqw frqwuro1 +5,
Li 6?ir7￿c  r7￿j 	@ 2*o2  6@%ir7￿c  r7￿j/w k hs d u w q h uz l w kp d m r u l w |u h y h q x h
vkduh vkrxog kdyh wkh frqwuro uljkw1 +6, Lq erwk fdvhv/ r ' r7￿ dqg wkh vhfrqg0ehvw lv
dfklhyhg1
Sursrvlwlrq 7 fdq eh uhvwdwhg dv iroorzv1 Vxssrvh wkh hhfwv ri h{sursuldwlrq rq wkh
sduwqhu*v rzq sulydwh ehqhw dqg rq wkh yhuldeoh uhyhqxh duh wkh vdph dfurvv sduwqhuv1
Wkhq= +4, Li wkh jdlq lq sulydwh uhyhqxh lv vpdoo uhodwlyh wr wkh orvv lq yhuldeoh uhyhqxh
iru erwk sduwqhuv/ xqlodwhudo frqwuro xqghu hdfk sduwqhu lv ehwwhu wkdq mrlqw frqwuro1
+5, Li wkh jdlq lq sulydwh ehqhw lv vpdoo uhodwlyh wr wkh orvv lq yhuldeoh uhyhqxh iru
rqh sduwqhu exw wkh rssrvlwh lv wuxh iru wkh rwkhu sduwqhu/ wkh uvw sduwqhu vkrxog eh
dvvljqhg erwk wkh frqwuro uljkw dqg wkh pdmrulw| ri uhyhqxh vkduh1 +6, Lq erwk fdvhv/
wkh vhfrqg0ehvw fdq eh dfklhyhg e| jlylqj wkh frqwuroolqj sduwqhu wkh vhfrqg0ehvw ohyho
ri uhyhqxh vkduh1
Xqghu wkh frqglwlrq vshflhg lq Sursrvlwlrq 7+4,/ dv d frqwuroolqj sduwqhu/ qhlwkhu
 qru  zrxog fkrrvh dq h{ srvw lqh!flhqw ghflvlrq1 Wkxv wkh vhfrqg0ehvw rxwfrph
lv rewdlqhg xqghu hdfk sduwqhu*v xqlodwhudo frqwuro1 Xqghu wkh frqglwlrq vshflhg lq
53Sursrvlwlrq 7+5,/ krzhyhu/ wkh sduwqhu zlwk d orzhu uhyhqxh vkduh zrxog fkrrvh dq h{
srvw lqh!flhqw ghflvlrq zkloh wkh sduwqhu zlwk d kljkhu uhyhqxh vkduh zrxog fkrrvh wkh
h{ srvw h!flhqw ghflvlrq1 Wkxv/ wkh vhfrqg0ehvw rxwfrph lv rewdlqhg rqo| zkhq wkh
sduwqhu zlwk d kljkhu uhyhqxh vkduh kdv wkh frqwuro uljkwv1 Lqwxlwlyho|/ d frqwuroolqj
sduwqhu*v frvw ri h{sursuldwlqj wkh rwkhu sduwqhu lv kljkhu li kh kdv d kljkhu vkduh ri
wkh yhuldeoh uhyhqxh1 Wr wkh h{whqw wkdw wkh frqwuroolqj sduwqhu*v h{sursuldwlrq fdq eh
pdgh dq hpsw| wkuhdw dqg khqfh wkh vhfrqg0ehvw rxwfrph fdq eh rewdlqhg/ kh vkrxog
eh jlyhq d odujhu vkduh ri wkh uhyhqxh iru wklv sxusrvh1 Lq wklv fdvh/ uhyhqxh0vkdulqj
frqwudfwv dqg frqwuro0uljkw duudqjhphqwv duh frpsohphqwv lq wkh surylvlrq ri lqfhqwlyh
iru whdp surgxfwlrq1
Fdvh 5=
Vxssrvh @2+￿Ek :o 2d+￿Ekn>+￿Eqo iru doo k dqg q1 Wkhq/ iru doo r/z hk d y h
@2+￿Ek*io2d+￿Ekn>+￿Eqoj :   r1 Dv d uhvxow/  zloo dozd|v fkrrvh _￿
￿ '
uhjdugohvv wkh ydoxhv ri k dqg q1 E| vxevwlwxwlqj _￿
￿ 'lqwr +4, dqg +5,/ zh jhw
`
￿
￿ 'E @￿ n @2 n @e+￿ n rEo￿  o2 n oe+ n bEo2+ n K2+￿  @2+￿c
`
￿
￿ 'E K￿  K2 n Ke+￿ nE  rEo￿  o2 n oe+ nE  bEo2+ n K2+￿  @2+￿
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' dE  r>Eo￿ n oenK￿ n Ke nE r  b>o2  bK2o+
￿
￿Ek
Wkhq/ wkh lqfhqwlyh frh!flhqwv duh S￿ ' rEo￿ noen@￿ n@e nEbro2 nEb@2 dqg
S2 'E  r>Eo￿ n oenK￿ n Ke nE r  b>o2  bK21D vr lqfuhdvhv iurp f wr /w k hh {
srvw frqwudfw ES￿cS 2 pryhv dorqj d frqwudfw olqh
>S￿ n S2 ' >Eo￿ n oen>E@￿ n @enK￿ n Ke n >E  b@2  bK2 +45,
54Li
>Eo￿ n oen>E@￿ n @enK￿ n Ke n >E  b@2  bK2
	> Eo￿ n oen>E@￿ n b@enK￿ nE  bKe
ru
>E  b@e n bKe 	b K 2  >E  b@2
wkh frqwudfw olqh xqghu xqlodwhudo frqwuro e|  ^l1h1/ +45,` lv ehorz wkdw xqghu mrlqw frqwuro
^l1h1/ +44,`1 Li zh ixuwkhu dvvxph wkdw wkh rswlpdo uhyhqxh0vkdulqj frqwudfw xqghu mrlqw
frqwuro/ ra/l vlqwhulru +khqfh/ wkh lqglhuhqfh fxuyh sdvvlqj wkurxjk ra lv deryh wkh
frqwudfw olqh xqghu *v frqwuro,/ wkhq xqlodwhudo frqwuro e|  lv zruvh wkdq mrlqw frqwuro1
Wkhuhiruh/ zh kdyh
Sursrvlwlrq 8= Vxssrvh +￿Ekcq'+￿Ekc+ ￿Ekcq'+￿Eqc+Ekcq'+￿Ekn
>+￿Eq/d q g@2+￿Ek :o 2d+￿Ekn>+￿Eqo iru doo k dqg q1 Ixuwkhu dvvxph wkdw wkh
rswlpdo uhyhqxh0vkdulqj frqwudfw xqghu mrlqw frqwuro/ ra/ lv lqwhulru1 Wkhq/ li
>E  b@e n bKe 	b K 2  >E  b@2c +46,
*v frqwuro lv zruvh wkdq mrlqw frqwuro1
Sursrvlwlrq 8 vd|v wkdw/ jlyhq wkh orvv ri h!flhqf| xqghu mrlqw frqwuro ^>Eb@e n
bKe`/ *v frqwuro lv zruvh wkdq mrlqw frqwuro li *v h{sursuldwlrq ohdgv wr d odujh uhgxfwlrq
lq *v sulydwh ehqhw +odujh K2, uhodwlyh wr lwv ehqhw lq whupv ri *v rzq sulydwh ehqhw
+@2,1
Wkh lqwxlwlrq iru Sursrvlwlrq 8 lv uhodwhg wr wkdw iru Sursrvlwlrq 51 Jlyhq wkdw
@2+￿Ek :o 2d+￿Ekn>+￿Eqo iru doo k dqg q/  dv wkh frqwuroolqj sduwqhu zloo fkrrvh
_￿ 'xqohvv kh lv eulehg e|  wr gr rwkhuzlvh1 Wkh dprxqw ri euleh wkdw  kdv wr
sd| lqfuhdvhv zlwk *v srwhqwldo jdlq/ @2+￿/d q g*v srwhqwldo orvv/ K2+￿/ iurp _￿ ' 1
Wkhuhiruh/  kdv kljkhu/ dqg  kdv orzhu/ lqfhqwlyhv iru lqyhvwphqw1 Krzhyhu/ wkh wrwdo
lqfhqwlyh srzhu lv uhgxfhg e| bK2>Eb@2 ^ru wkh uljkw0kdqg vlgh ri +46,` frpsduhg
zlwk wkh vhfrqg0ehvw1 Li K2 lv yhu| odujh/ vr wkdw wklv orvv ri wrwdo lqfhqwlyh srzhu lv odujhu
55wkdq wkh orvv ri wrwdo lqfhqwlyh srzhu xqghu mrlqw frqwuro ^l1h1/ >E  b@e n bKe/r uw k h
ohiw0kdqg vlgh ri +46,`/ wkhq wkh frqwudfw olqh xqghu *v frqwuro lv ehorz wkdw xqghu mrlqw
frqwuro1 Wklv lpsolhv wkdw xqlodwhudo frqwuro e|  lv zruvh wkdq mrlqw frqwuro/ ehfdxvh
ra lv lqwhulru1
D vshfldo fdvh ri Sursrvlwlrq 8 ghvhuyhv hpskdvlv ehfdxvh lw kdv dq hdv| dqg xvhixo
lqwhusuhwdwlrq1
Sursrvlwlrq 9= Vxssrvh +￿Ekcq'+￿Ekc+ ￿Ekcq'+￿Eqc+Ekcq'+￿Ekn+￿Eq/
> ' cb' *2c dqg @2+￿Ek :o 2d+￿Ekn>+￿Eqo iru doo k dqg q1L i@e ' Ke 'fdqg
@2 	K 2/w k h q*v xqlodwhudo frqwuro lv grplqdwhg e| wkh mrlqw frqwuro1
Sursrvlwlrq 9 vd|v wkdw mrlqw frqwuro lv ehwwhu wkdq xqlodwhudo frqwuro e|  li wkh jrrg
dfwlrq rqo| dhfwv wkh yhuldeoh uhyhqxh +l1h1/ @e ' Ke 'f ,/ dqg h{sursuldwlrq e|  ri
 lv udwkhu lqh!flhqw lq wkdw wkh lqfuhdvh lq *v sulydwh ehqhw lv ohvv wkdq wkh ghfuhdvh
lq *v sulydwh ehqhw +l1h1/ @2 	K 2,1
Lqwxlwlyho|/ wkh sureohp zlwk mrlqw frqwuro lv wkdw wkh jrrg dfwlrq fdqqrw eh wdnhq
zlwkrxw erwk sduwqhuv* djuhhphqw/ zklfk ohdgv wr uhqhjrwldwlrq dqg sd|r uhglvwulexwlrq1
Zkhq wkh jrrg dfwlrq dhfwv rqo| wkh yhuldeoh uhyhqxh/ krzhyhu/ wkh uhglvwulexwlrq
lqyroyhv rqo| yhuldeoh uhyhqxh/ zklfk fdq eh qhjdwhg e| dgmxvwlqj wkh uhyhqxh0vkdulqj
frqwudfw dqg khqfh fdxvhv qr orvv ri wrwdo lqfhqwlyh srzhu frpsduhg zlwk wkh vhfrqg0
ehvw1 Lq frqwudvw/ zlwk xqlodwhudo frqwuro/  fdq fkdqjh wkh sd|r glvwulexwlrq lq lwv
idyru e| wkuhdwhqlqj wr h{sursuldwh 1 *v lqyhvwphqw lqfhqwlyh lv hqkdqfhg e| wkh
lqfuhdvh lq lwv sulydwh ehqhw ^@2+￿Ek`/ zkloh *v lqyhvwphqw lqfhqwlyh lv orzhuhg e|
wkh ghfuhdvh lq lwv sulydwh ehqhw ^K2+￿Eq`1 Zkhq @2 	K 2/ wkhuh lv d qhw orvv ri wrwdo
lqfhqwlyh srzhu xqghu *v frqwuro frpsduhg zlwk wkh vhfrqg0ehvw1 Wdnhq wrjhwkhu/ xqghu
wkh vshflfdwlrq ri Sursrvlwlrq 9/ mrlqw frqwuro kdv qr frvw exw xqlodwhudo frqwuro grhv/
d q gk h q f hw k hu h v x o w 1
Ilqdoo|/ zh dgguhvv wkh txhvwlrq ri zkhwkhu wkh frqwuroolqj sduwqhu vkrxog eh jlyhq
wkh pdmrulw| ri uhyhqxh vkduh1 Zlwkrxw orvv ri jhqhudolw|/ zh frqvlghu d +sduwldoo|,
v|pphwulf fdvh zkhuh > ' c@ ￿ ' K￿c@ e ' Kecb ' *2c dqg +￿Ek'+￿Eq Wkh
frqwudfw olqh xqghu *v frqwuro lv kljkhu wkdq wkdw xqghu mrlqw frqwuro li frqglwlrq +46,
lv ylrodwhg +l1h1/ @2K2n@enKe : f,/ dqg lw lv dovr kljkhu wkdq wkdw xqghu *v frqwuro li
56@2  K2 n @￿ K￿ : f1 Phdqzkloh/ lq wklv v|pphwulf fdvh/ wkh plg srlqw ri wkh frqwudfw
olqh xqghu *v frqwuro lv wkh rqh forvhvw wr wkh uvw ehvw/ dqg lw fdq eh rewdlqhg e| jlylqj
sduwqhu  d pdmrulw| ri uhyhqxh vkduh li @2 n K2 	 2Eo￿ n oe  o21 Lqwxwlyho|/ xqghu
wkh odvw frqglwlrq/ lw lv lpsrvvleoh wr suhyhqw  iurp h{sursuldwlqj sduwqhu 1W k x v /
sduwqhu  vkrxog eh jlyhq wkh pdmrulw| ri uhyhqxh vkduh wr dfklhyh d edodqfh lq wkh
surylvlrq ri lqfhqwlyh1 Khuh uhyhqxh0vkdulqj frqwudfwv dqg frqwuro0uljkw duudqjhphqwv
duh vxevwlwxwhv/ lq frqwudvw wr wkh fdvh ri Sursrvlwlrq 71 Zh vxppdul}h wkh deryh uhvxowv
lq Sursrvlwlrq :1
Sursrvlwlrq := Vxssrvh +￿Ekcq'+￿Ekc+ ￿Ekcq'+￿Eqc+ ￿Ek'+￿Eqc+ Ekcq'
+￿Ekn+￿Eqc@ 2+￿Ek :o 2d+￿Ekn>+￿Eqo iru doo k dqg q/ @￿ ' K￿c@ e ' Kec dqg
b ' *2 Li @2K2n@enKe : fc@ 2K2n@￿K￿ : fc dqg @2nK2 	 2Eo￿noeo2/w k h q
*v frqwuro lv xqltxho| rswlpdo exw wkh rswlpdo uhyhqxh vkduh iru  lv ohvv wkdq 83(1
Sursrvlwlrq : vd|v wkdw li wkh ehqhwv ri wkh jrrg dfwlrq +@e/ Ke/d q goe, duh odujh/
xqlodwhudo frqwuro lv ehwwhu1 Li lq dgglwlrq wkh wzr sduwqhuv duh v|pphwulf/ wkh frqwuroolqj
sduwqhu vkrxog eh jlyhq ohvv uhyhqxh vkduh wr edodqfh wkh lqfhqwlyhv1
Uhvxowv vlplodu wr Sursrvlwlrqv 6 dqg 80: fdq dovr eh ghulyhg iru *v xqlodwhudo frqwuro1
8 Uhodwlrqv zlwk wkh H{lvwlqj Olwhudwxuh
Dv vshflhg lq Vhfwlrqv 515 dqg 516/ wklv sdshu ghsduwv iurp wkh h{lvwlqj olwhudwxuh lq
wzr gluhfwlrqv1 Iluvw/ zh frqvlghu d zlghu udqjh ri h{ srvw ghflvlrqv1 Lq sduwlfxodu/ zh
frqvlghu wkh srvvlelolw| ri h{sursuldwlrq e| wkh frqwuroolqj sduwqhu ri wkh rwkhu sduwqhu
lq dgglwlrq wr jrrg dfwlrqv wkdw lpsuryh doo sduwqhuv* ehqhwv1 Vhfrqg/ zh frqvlghu
vlwxdwlrqv zkhuh h{ dqwh uhyhqxh0vkdulqj frqwudfwv dv zhoo dv frqwuro duudqjhphqwv duh
lpsruwdqw lq wkh surylvlrq ri lqfhqwlyhv1 Wklv doorzv xv wr h{soruh wkh lqwhudfwlrqv
ehwzhhq uhyhqxh0vkdulqj frqwudfwv dqg frqwuro0uljkw duudqjhphqwv1
Lw fdq eh fkhfnhg wkdw doo ri rxu uhvxowv lq Vhfwlrqv 6 dqg 7/ h{fhsw wkrvh rq wkh
lqwhudfwlrqv ehwzhhq uhyhqxh0vkdulqj dqg frqwuro0uljkw duudqjhphqwv/ vwloo krog lq wkh
devhqfh ri dq| yhuldeoh uhyhqxh1 Wklv hqdeohv xv wr lvrodwh wkh hhfwv ri rxu uvw
57ghsduwxuh iurp wkh h{lvwlqj olwhudwxuh  d zlghu udqjh ri h{ srvw ghflvlrqv1 Lw wxuqv rxw
wkdw/ e| uhvwulfwlqj rxu dqdo|vlv wr vrph vxevhwv ri wkh h{ srvw ghflvlrqv/ zh fdq uhodwh
rxu uhvxowv wr wkrvh lq wkh h{lvwlqj olwhudwxuh1
Vxssrvh wkhuh duh rqo| jrrg dfwlrqv lq rxu prgho +l1h1/ @2 ' K2 ' o2 'fdqg @￿ '
K￿ ' o￿ 'f ,1 Wkhq/ iru wkh vshflfdwlrq ri sulydwh ehqhwv lq Vhfwlrq 7 ^l1h1/ +￿Ekcq'
+￿Ek/ +￿Ekcq'+￿Eq`/ wkh vhfrqg0ehvw rxwfrph lv rewdlqhg xqghu xqlodwhudo frqwuro
ehfdxvh wkh frqwuroolqj sduwqhu yroxqwdulo| fkrrvhv wkh h{ srvw h!flhqw ghflvlrq1 Mrlqw
frqwuro/ krzhyhu/ lv lqihulru wr wkh vhfrqg0ehvw/ dv vkrzq lq Sursrvlwlrq 51 Lqwxlwlyho|/
wkhuh lv qr frvw zlwk xqlodwhudo frqwuro/ vlqfh wkh frqwuroolqj sduwqhu kdv qr edg dfwlrqv
+h{sursuldwlrq ri wkh rwkhu sduwqhu, wr wdnh1 Mrlqw frqwuro lv lqh!flhqw ehfdxvh hyhq wkh
jrrg dfwlrqv fdqqrw eh wdnhq zlwkrxw wkh djuhhphqw ri erwk sduwqhuv1
Wkh uhvxowv iru wkh fdvh wkdw doo dfwlrqv duh jrrg rqhv uhvhpeoh wkrvh ri JKP1 Lq
wkhlu iudphzrun/ wkh rzqhu ri dq dvvhw kdv wkh uljkw wr ghflgh zkr fdq jhw dffhvv wr
wkh dvvhw lq wkh hyhqw ri edujdlqlqj euhdngrzq/ zklfk fdq eh lqwhusuhwhg dv wkh jrrg
dfwlrq lq rxu prgho144 E| jhwwlqj h{foxvlyh dffhvv wr wkh dvvhw/ wkh rzqhu fdq vhfxuh d
kljk glvdjuhhphqw sd|r/ wkhuhe| kdylqj kljk lqyhvwphqw lqfhqwlyh1 Xqghu mrlqw frqwuro/
krzhyhu/ qhlwkhu sduw| fdq jhw dffhvv wr wkh dvvhw lq wkh hyhqw ri edujdlqlqj euhdngrzq/
zklfk uhvxowv lq orz lqyhvwphqw lqfhqwlyh iru erwk sduwlhv1 Fohduo|/ mrlqw frqwuro lv lqihulru
wr xqlodwhudo frqwuro1
Vxssrvh lqvwhdg wkdw wkhuh duh rqo| edg dfwlrqv lq rxu prgho +l1h1/ @e ' Ke ' oe 'f ,1
Wkhq/ iru wkh vshflfdwlrqv ri sulydwh ehqhwv lq Vhfwlrq 7/ wkh frqwudfw olqh iru wkh mrlqw
frqwuro frlqflghv zlwk wkdw iru wkh vhfrqg0ehvw ^>Eb@e bKe gursv iurp +44,` dqg
khqfh wkh h!flhqf| ri mrlqw frqwuro145 Lqwxlwlyho|/ dq lpsolfdwlrq ri mrlqw frqwuro lv wkdw
qr dfwlrq fdq eh wdnhq zlwkrxw wkh djuhhphqw ri erwk sduwqhuv1 Jlyhq wkdw doo dfwlrqv
duh edg rqhv/ krzhyhu/ wkhuh lv qr lqh!flhqf| zlwk mrlqw frqwuro1 Lq wklv fdvh/ wkh
vhfrqg0ehvw rxwfrph pd| ru pd| qrw eh rewdlqhg xqghu xqlodwhudo frqwuro/ ghshqglqj
rq zkhwkhu ru qrw wkh frqwuroolqj sduwqhu uhiudlqv iurp wdnlqj wkh edg dfwlrq +prglhg
Sursrvlwlrq 6 ru 8 uhvshfwlyho|,1 Wkxv mrlqw frqwuro lv zhdno| vxshulru wr xqlodwhudo
frqwuro1 Sxw lq voljkwo| glhuhqw whupv/ rxu prgho vkrzv wkdw mrlqw frqwuro fxuev wkh
44Pruh ghwdlov derxw wkh glhuhqfh lq wkh dvvxpswlrq derxw wkh h{ srvw ghflvlrq ehwzhhq JKP dqg
r x up r g h oz h u hj l y h ql qV h f w l r q5 1 5 1
45Qrwh wkdw wklv lv d yhuvlrq ri Sursrvlwlrq 5 prglhg iru wkh qhz dvvxpswlrq wkdw d7 @ e7 @3 >w k h
yhuvlrq vwdwhg lq Vhfwlrq 7 lv rqo| ydolg xqghu wkh dvvxpswlrq wkdw d7 A 3 dqg e7 A 31
58sduwqhuv* delolw| wr h{sursuldwh hdfk rwkhu dqg wkhuhe| plwljdwhv wkh lqfhqwlyh sureohpv
fdxvhg e| wkh wkuhdw ri h{sursuldwlrq/ zkloh xqlodwhudo frqwuro pd| ohdyh h{sursuldwlrq
xqfkhfnhg1
Rxu h{sodqdwlrq iru mrlqw frqwuro lv glhuhqw iurp wkh h{lvwlqj rqhv1 Dprqj wkhp/
Fdl +4<<<, lv wkh prvw forvho| uhodwhg wr rxu vwru|1 Kh dujxhv wkdw/ xqghu xqlodwhudo
frqwuro/ wkh frqwuroolqj sduwqhu ryhulqyhvwv lq jhqhudo kxpdq fdslwdo exw xqghulqyhvwv
lq vshflf kxpdq fdslwdo wr lpsuryh klv glvdjuhhphqw sd|r1 Wkhuhiruh/ lw lv rswlpdo
wr kdyh mrlqw frqwuro1 Ryhulqyhvwlqj lq jhqhudo kxpdq fdslwdo lv lq vrph vhqvh d edg
dfwlrq1 Krzhyhu/ wklv edg dfwlrq lv wdnhq lq wkh lqyhvwphqw vwdjh +gdwh 4 lq whupv ri rxu
prgho, dqg fdqqrw eh edujdlqhg dzd|/ zkhuhdv h{sursuldwlrq lq rxu prgho rqo| rffxuv
diwhu wkh lqyhvwphqwv duh pdgh +gdwh 6, dqg fdq eh edujdlqhg dzd|1 Lq wkhlu dqdo|vlv ri
doorfdwlrq ri dffhvv dv dq lqfhqwlyh lqvwuxphqw/ Udmdq dqg ]lqjdohv +4<<;, dovr frqwdlqv
d vlplodu dujxphqw derxw vshflf yv1 jhqhudo lqyhvwphqw1 Fklx +4<<;, dqg Gh Ph}d
dqg Orfnzrrg +4<<;, xvh d glhuhqw edujdlqlqj jdph iurp wkdw xvhg e| JKP dqg xv/
dgrswlqj wkh rxwvlgh0rswlrq sulqflsoh lq edujdlqlqj1 Wkh| dujxh wkdw/ xqghu xqlodwhudo
frqwuro/ wkh frqwuroolqj sduwqhu*v rxwvlgh rswlrq lv vr kljk wkdw lw ehfrphv elqglqj1 Wkhq
kh kdv yhu| olwwoh lqfhqwlyh wr lqyhvw/ dv klv sd|r ghshqgv rqo| rq klv rxwvlgh rswlrq/
qrw rq wkh wrwdo vxusoxv1 Xqghu mrlqw frqwuro/ krzhyhu/ qhlwkhu sduwqhu*v rxwvlgh rswlrq
lv elqglqj/ vr wkdw hdfk sduwqhu jhwv kdoi ri wkh wrwdo vxusoxv dqg hdfk kdv vrph lqfhqwlyh
wr lqyhvw1
9 Hpslulfdo Ilqglqjv
Ilqdoo|/ zh h{dplqh wkh hpslulfdo uhohydqfh ri wkh wkhruhwlfdo uhvxowv e| xvlqj d xqltxh
gdwd vhw rq mrlqw yhqwxuhv1 Wkh gdwd vhw uhvxowhg iurp d vhulhv ri hruwv ehwzhhq 4<<:
dqg 4<<;1 Zh vwduwhg zlwk d slorw vdpsoh ri 53 lqwhuqdwlrqdo mrlqw0yhqwxuh frqwudfwv
lq Fklqd146 Diwhu vwxg|lqj wkhvh 53 frqwudfwv/ zh ghvljqhg d txhvwlrqqdluh/ zklfk zdv
46W rv h wx sdm r l q wy h q w x u h /d o os d u w l h vp x v w u v wu h d f kd qd j u h h p h q wr qw k hs u rm h f wd q gv l j qdfrqwudfw
gholqhdwlqj hdfk dqg hyhu| sduw|*v frqwulexwlrqv wr wkh sursrvhg yhqwxuh1 Wklv mrlqw0yhqwxuh frqwudfw
vshflhv wkh htxlw|0vkdulqj duudqjhphqw dqg wkh frpsrvlwlrq ri wkh erdug ri gluhfwruv1 Doo sduwlhv pxvw
dovr djuhh rq duwlfohv ri dvvrfldwlrq wkdw vshfli| wkh jryhuqdqfh vwuxfwxuh ri wkh mrlqw yhqwxuh/ lqfoxglqj
59wkhq xvhg wr h{wudfw nh| frqwudfw fodxvhv ri 533 mrlqw0yhqwxuh frqwudfwv zlwk wkh khos
ri Fklqd*v Plqlvwu| ri Iruhljq Wudgh dqg Hfrqrplf Frrshudwlrq1 Wkhvh frqwudfwv zhuh
vljqhg lq wkh shulrg 4<;904<<9/ zlwk pruh wkdq kdoi frqfhqwudwhg lq 4<<604<<71 Wkh
phdq ri uhjlvwhuhg fdslwdo lv XV'441;8 ploolrq1 Ri wkh 533 mrlqw yhqwxuhv/ <:18( lqyroyhg
rqh +4:6, ru wzr +55, iruhljq sduwqhuv1 Dv lq wkh ryhudoo srsxodwlrq ri mrlqw yhqwxuhv
hvwdeolvkhg lq wklv shulrg/ wkh pdmrulw| ri wkh iruhljq sduwqhuv lq rxu vdpsoh zhuh iurp
Krqj Nrqj2Pdfdx2Wdlzdq +<<,/ wkh Xqlwhg Vwdwhv2Fdqdgd +6;,/ dqg Mdsdq +58,1
Wkh mrlqw yhqwxuh lv d phdqv wr xwlol}h frpsohphqwdu| vnloov ri glhuhqw frusrudwlrqv1
Iljxuh 6 ghslfwv wkh sdwwhuq ri wdvn dvvljqphqw wr mrlqw0yhqwxuh sduwqhuv1 Reylrxvo|
wkhvh wdvnv duh frpsohphqwdu| wr rqh dqrwkhu1 Lq dgglwlrq/ wkhuh lv d fohdu sdwwhuq ri
wdvn vshfldol}dwlrq ehwzhhq wkh iruhljq dqg grphvwlf sduwqhuv1 Wkh grphvwlf sduwqhuv duh
w|slfdoo| dvvljqhg wr khos wkh mrlqw yhqwxuhv vhfxuh surgxfwlrq vlwhv/ kluh orfdo hpsor|hhv/
dqg surfxuh orfdo lqsxwv/ zkhuhdv wkh iruhljq sduwqhuv rhu lqwhoohfwxdo surshuw|/ surfxuh
lqsxwv iurp ryhuvhdv pdunhw/ surylgh vwd wudlqlqj/ dqg dvvlvw h{sruw1
Iljxuh 7 uhyhdov wkh glvwulexwlrq ri wkh iruhljq sduwqhuv* htxlw| vkduhv1 Lq Fklqd/ wkhuh
lv qr xsshu olplw rq iruhljq rzqhuvkls h{fhsw lq vhohfwhg lqgxvwulhv1 Wr wkh frqwudu|/
wkhuh lv d gh idfwr orzhu olplw rq iruhljq rzqhuvkls/ dv mrlqw yhqwxuhv zlwk d plqlpxp ri
58( iruhljq rzqhuvkls duh hqwlwohg wr suhihuhqwldo wuhdwphqw zlwk uhvshfw wr frusrudwh
lqfrph wd{ +Urvhq/ 4<<<,1 Wklv h{sodlqv zk| wkhuh duh 4; mrlqw yhqwxuhv +<( ri wkh
vdpsoh, lq zklfk wkh iruhljq sduwqhuv krog 58( htxlw| vkduhv1 Lw lv dovr lqwhuhvwlqj wr
qrwh wkdw wkhuh duh 76 mrlqw yhqwxuhv +5418( ri wkh vdpsoh, lq zklfk wkh iruhljq sduwqhuv
dqg grphvwlf sduwqhuv hdfk krog 83( htxlw| vkduhv1
Wkh erdug ri gluhfwruv lv wkh kljkhvw ghflvlrq0pdnlqj erg| lq d mrlqw yhqwxuh1 Wkh
mrlqw0yhqwxuh sduwqhuv fdq qrplqdwh fdqglgdwhv wr vlw rq wkh erdug dqg uhsuhvhqw wkhlu
lqwhuhvwv1 Dv vkrzq lq Wdeoh 4/ wkh qxpehu ri erdug phpehuv qrplqdwhg e| wkh iruhljq
sduwqhuv lq d mrlqw yhqwxuh lv jhqhudoo| sursruwlrqdo wr wkhlu htxlw| vkduhv1 Lq rqo| ; rxw
ri 533 mrlqw yhqwxuhv gr wkh pdmrulw| htxlw| kroghuv qrw kdyh wkh pdmrulw| uhsuhvhqwdwlrq
rq wkh erdug ri gluhfwruv1
Krzhyhu/ h{huflvh ri frqwuro uljkwv lq d mrlqw yhqwxuh ghshqgv rq wkh yrwlqj uxohv dv
wkh uljkwv dqg yrwlqj uxohv ri wkh erdug ri gluhfwruv1 Khqfh/ wkh whup mrlqw0yhqwxuh frqwudfw lq wklv
sdshu uhihuv wr wkhvh wzr ohjdo grfxphqwv1 Iru ghvfulswlrq ri surfhgxuhv iru iruplqj d mrlqw yhqwxuh lq
Fklqd/ vhh Urvhq +4<<<,1
5:zhoo dv wkh erdug uhsuhvhqwdwlrq1 Wkhuh duh wkluwhhq lpsruwdqw ghflvlrqv frqfhuqlqj wkh
rshudwlrqv ri wkh mrlqw yhqwxuhv1 Dv vkrzq lq Iljxuh 8/ lq 4<; ri wkh 533 mrlqw yhqwxuhv/
xqdqlprxv yrwlqj lv uhtxluhg rq wkh iroorzlqj lvvxhv= fkduwhu dphqgphqw/ whuplqdwlrq
dqg glvvroxwlrq ri wkh yhqwxuh/ phujhu zlwk rwkhu rujdql}dwlrqv/ lqfuhdvh dqg wudqvihu
ri uhjlvwhuhg fdslwdo1 Iru rwkhu lvvxhv/ d vlpsoh pdmrulw| ru d wzr0wklugv pdmrulw| ru
xqdqlprxv yrwlqj lv uhtxluhg1
Lq dgglwlrq wr wkh irxu lvvxhv wkdw pxvw eh ghflghg xqdqlprxvo| e| doo wkh sduwlhv/
zklfk lpsolhv mrlqw frqwuro iru dq| qrqwulyldo htxlw| duudqjhphqwv/ wkhuh duh pdq| lvvxhv
ryhu zklfk pdmrulw| htxlw| kroghuv lq d mrlqw yhqwxuh fdqqrw h{huflvh wkhlu frqwuro uljkwv
xqlodwhudoo| zlwkrxw wkh rwkhu sduwlhv* djuhhphqw1 Vshflfdoo|/ mrlqw frqwuro lv dovr lq
sodfh +d, zkhq d ghflvlrq uhtxluhv d vlpsoh pdmrulw| exw rqh ri wkh sduwqhuv kdv d erdug
uhsuhvhqwdwlrq ri h{dfwo| 425/ +e, zkhq d ghflvlrq uhtxluhv d wzr0wklugv pdmrulw| exw rqh
ri wkh sduwqhuv kdv d erdug uhsuhvhqwdwlrq ehwzhhq 426 dqg 5261 Xqghu hdfk ri wkh deryh
flufxpvwdqfhv/ rqh sduwqhu lq d mrlqw yhqwxuh fdq ryhuulgh wkh rwkhu sduwqhu*v ghflvlrqv1
Iljxuh 9 uhyhdov wkdw wkhuh lv d kljk ghjuhh ri mrlqw frqwuro iru d zkroh vshfwuxp ri lvvxhv
udqjlqj iurp surw2orvv doorfdwlrq wr klulqj dqg ulqj ri FHR dqg vhqlru vwd1 Lw vkrxog
dovr eh srlqwhg rxw wkdw wkhuh lv qr vxevwdqwldo glhuhqfh lq wkh ghjuhh ri mrlqw frqwuro
ehwzhhq wkh 83083 mrlqw yhqwxuhv dqg rwkhu mrlqw yhqwxuhv1 Wkhvh hpslulfdo qglqjv duh
frqvlvwhqw zlwk rxu wkhruhwlfdo uhvxowv wkdw frqwuro duudqjhphqwv duh pdgh wr plwljdwh
h{sursuldwlrq dqg rwkhu lqfhqwlyh sureohpv lq whdp surgxfwlrq1
: Frqfoxvlrq
Wklv sdshu lqwurgxfhv srvwlqyhvwphqw +h{ srvw, h{sursuldwlrq e| wkh frqwuroolqj sduwqhu
ri wkh rwkhu sduwqhu +wkh edg dfwlrq, lqwr wkh dqdo|vlv ri frqwuro uljkwv wkdw zdv slr0
qhhuhg e| JKP1 Zh prgho h{sursuldwlrq dv dq dfwlrq e| wkh frqwuroolqj sduwqhu wkdw
lqfuhdvhv klv rzq sulydwh ehqhw dw wkh h{shqvh ri wkh rwkhu sduwqhu*v dqg wkh yhul0
deoh uhyhqxh1 Zh dovr frqvlghu jrrg dfwlrqv wkdw lqfuhdvh erwk sulydwh ehqhwv dqg wkh
yhuldeoh uhyhqxh1 Wrjhwkhu/ wkhvh dfwlrqv irup wkh pxowlsoh glphqvlrqv ri wkh h{ srvw
ghflvlrq1 Lq wkh frqwh{w ri d forvho| khog up vxfk dv d mrlqw yhqwxuh/ zh dqdo|}h wkh
5;rswlpdo doorfdwlrq ri frqwuro uljkwv dqg rwkhu lqfhqwlyh phfkdqlvpv lq wkh suhvhqfh ri
wkh diruhphqwlrqhg dfwlrqv1
Zh ixuwkhu lqfrusrudwh wkh uroh ri uhyhqxh0vkdulqj frqwudfwv lqwr wkh dqdo|vlv dqg
frqvlghu uhyhqxh0vkdulqj dqg frqwuro0uljkw duudqjhphqwv lq d xqlhg prgho1 Wkh glhu0
hqfh ehwzhhq rxu prgho dqg wkdw e| JKP wkdw doorzv xv wr gr vr lv wkdw zh dvvxph
wkdw vrph yhuldeoh uhyhqxh fdq eh surgxfhg dqg wkh uhyhqxh0vkdulqj frqwudfw lv krq0
ruhg ehiruh wkh sduwqhuv uhdfk dq| djuhhphqw derxw wkh h{ srvw ghflvlrq1 Ehfdxvh ri
wklv/ wkh glvdjuhhphqw sd|rv ri wkh sduwqhuv duh dhfwhg qrw rqo| e| wkh frqwuro0uljkw
duudqjhphqw exw dovr e| wkh h{ dqwh uhyhqxh0vkdulqj frqwudfw1
Zlwk wkh ydulhw| ri dfwlrqv wkdw wkh frqwuroolqj sduw| fdq fkrrvh h{ srvw/ hdfk frqwuro0
uljkw duudqjhphqw kdv lwv frvwv dqg ehqhwv ghvslwh wkh idfw wkdw wkh h{ srvw h!flhqw
ghflvlrq zloo xowlpdwho| eh fkrvhq wkurxjk edujdlqlqj1 Xqghu xqlodwhudo frqwuro e| rqh
sduwqhu/ wkh frqwuroolqj sduwqhu fdq xvh wkh wkuhdw ri h{sursuldwlrq wr vwuhqjwkhq klv rzq
edujdlqlqj srvlwlrq dqg zhdnhq wkh rwkhu sduwqhu*v edujdlqlqj srvlwlrq1 Dv d uhvxow/ klv
rzq lqyhvwphqw lqfhqwlyh ehfrphv vwurqjhu dqg wkh rwkhu sduwqhu*v lqyhvwphqw lqfhqwlyh
ehfrphv zhdnhu1 Rqh frqvhtxhqfh lv wkdw lw lv gl!fxow wr rhu edodqfhg lqfhqwlyhv iru
lqyhvwphqw1 Dqrwkhu frqvhtxhqfh lv wkdw/ zkhq wkh zhdnhqlqj ri wkh rwkhu sduwqhu*v lq0
fhqwlyh grplqdwhv wkh vwuhqjwkhqlqj ri wkh frqwuroolqj sduwqhu*v lqfhqwlyh/ wkh xqlodwhudo
frqwuro dhfwv qrw rqo| wkh glvwulexwlrq ri lqfhqwlyhv exw dovr wkh wrwdo ohyho ri lqfhqwlyhv1
Mrlqw frqwuro dovr kdv lwv frvwv1 Xqghu mrlqw frqwuro/ wkh jrrg dfwlrq fdqqrw eh wdnhq
zlwkrxw wkh sduwqhuv edujdlqlqj wr uhdfk dq djuhhphqw1 Wklv qhhg iru edujdlqlqj dqg lwv
uhvxowlqj uhglvwulexwlrq ri ehqhwv zhdnhq erwk sduwqhuv* h{ dqwh lqyhvwphqw lqfhqwlyhv1
Wkh rswlpdo frqwuro duudqjhphqw lv ghwhuplqhg e| wkh wudgh0r ri wkhvh hhfwv1
Edvhg rq wkh deryh wudgh0r/ zh kdyh wkh iroorzlqj uhvxowv= +4, Li erwk sduwqhuv*
lqyhvwphqwv duh lpsruwdqw dqg wkh krogxs sureohp uhodwhg wr wkh jrrg dfwlrq grhv qrw
kdyh d yhu| vwurqj qhjdwlyh hhfw rq wkh wrwdo ohyho ri lqfhqwlyhv/ lw lv ehvw wr kdyh mrlqw
frqwuro e| wkh wzr sduwqhuv +Sursrvlwlrq 4,1 Wklv lv olnho| wr eh wkh fdvh zkhq hdfk
sduwqhu*v lqyhvwphqw frqwdlqv d vljqlfdqw frrshudwlyh hohphqw1 Qh{w/ vxssrvh lqvwhdg
ri frrshudwlyh lqyhvwphqwv/ wkh sduwqhuv pdnh vhoi0lqyhvwphqwv lq wkdw hdfk ri wkhp grhv
qrw kdyh dq| hhfw rq wkh rwkhu sduwqhu*v sulydwh ehqhw +exw fdq kdyh dq hhfw rq wkh
yhuldeoh uhyhqxh,1 Wkhq zh kdyh= +5, Li wkh frqwuroolqj sduwqhu*v h{sursuldwlrq uhgxfhv
wkh rwkhu sduwqhu*v ehqhw e| d orw pruh wkdq lw lqfuhdvhv wkh frqwuroolqj sduwqhu*v rzq
5<sulydwh ehqhw/ lw lv djdlq ehvw wr kdyh mrlqw frqwuro +Sursrvlwlrqv 8 dqg 9,1 +6, Li
wkh jrrg dfwlrq lv yhu| lpsruwdqw/ wkhq xqlodwhudo frqwuro lv ehwwhu wkdq mrlqw frqwuro
+Sursrvlwlrq :,1 +7, Li rqh sduwqhu*v edg dfwlrq lqfuhdvhv klv rzq sulydwh ehqhw e|
pxfk ohvv wkdq lw ghfuhdvhv wkh yhuldeoh uhyhqxh/ wkdq kh zloo kdyh qr lqfhqwlyh wr wdnh
wkh dfwlrq/ dqg wkhq xqlodwhudo frqwuro zloo kdyh qr frvw1 Lq wklv fdvh/ xqlodwhudo frqwudfw
lv ehwwhu wkdq mrlqw frqwuro +Sursrvlwlrq 6,1 Ixuwkhupruh/ li wkh edg dfwlrqv ri wkh wzr
sduwqhuv kdyh v|pphwulf hhfwv/ wkh sduwqhu zlwk wkh pdmrulw| uhyhqxh vkduh vkrxog eh
jlyhq wkh frqwuro uljkw/ ehfdxvh kh lv ohvv olnho| wr wdnh wkh edg dfwlrq wkdq wkh plqrulw|
vkduhkroghu +Sursrvlwlrq 7,1
Ehvlghv rxu frqwulexwlrq wr wkh jhqhudo wkhru| ri wkh up/ wklv sdshu dovr surylghv
d shuvshfwlyh rq wkh rujdql}dwlrq ri mrlqw yhqwxuhv1 Khuh/ d mrlqw yhqwxuh lv frqvlghuhg
dv d phdqv iru srrolqj ri frpsohphqwdu| vnloov ri glhuhqw sduwqhuv1 H{sursuldwlrq lv
dq lpsruwdqw sureohp lq vxfk whdp surgxfwlrq/ lq dgglwlrq wr wkh rwkhu prudo kd}dug
sureohpv1 Wkh uhyhqxh0vkdulqj frqwudfw dqg frqwuro0uljkw duudqjhphqw duh ghvljqhg
mrlqwo| wr plwljdwh wkhvh sureohpv1 Rxu ylhz rq wkh mrlqw yhqwxuh lv frpsohphqwdu| wr
wkh ylhzv sursrvhg lq wzr uhfhqw sdshuv rq wkh vdph wrslf +Kdorqhq/ 4<<:> Qroghnh
dqg Vfkplgw/ 4<<;,/ erwk ri zklfk irfxv vroho| rq rzqhuvkls duudqjhphqwv1 Wkh iruphu
glvfxvvhv krz mrlqw rzqhuvkls idflolwdwhv frrshudwlrq wkurxjk uhsxwdwlrq hhfwv/ dqg
wkh odwwhu vkrzv wkdw fhuwdlq frqwlqjhqw rzqhuvkls duudqjhphqwv fdq lqgxfh rswlpdo
vhtxhqwldo lqyhvwphqwv1
Rxu wkhruhwlfdo qglqjv duh frqvlvwhqw zlwk wkh vw|ol}hg idfwv wkdw zh irxqg iurp d
vdpsoh ri 533 mrlqw0yhqwxuh frqwudfwv1 Vshflfdoo|/ wkh vdpsoh vkrzv wkdw erwk uhyhqxh0
vkdulqj frqwudfwv dqg frqwuro0uljkw duudqjhphqwv duh xvhg lq hdfk ri wkh frqwudfwv1 Ixu0
wkhupruh/ wkh frqwudfwv vwlsxodwh glhuhqw uxohv iru pdnlqj glhuhqw ghflvlrqv/ udqjlqj
iurp vlpsoh pdmrulw| +fruuhvsrqglqj wr xqlodwhudo frqwuro e| wkh pdmrulw| vkduhkroghu,
wr xqdqlprxv yrwlqj +fruuhvsrqglqj wr mrlqw frqwuro,1 Zkhq pruh hoderudwh gdwd ehfrph
dydlodeoh/ ixwxuh zrun vkrxog h{soruh wkh glhuhqfh lq hpslulfdo lpsolfdwlrqv ehwzhhq
glhuhqw wkhruhwlfdo ylhzv derxw mrlqw yhqwxuhv dqg whvw wkhvh lpsolfdwlrqv hpslulfdoo|1
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Surwhfw Plqrulw| Vkduhkroghuv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ Iheuxdu| 4<<;/ 439+4,/
ss1 4:505371
Fdl/ Krqjelq1 D Wkhru| ri Mrlqw Dvvhw Rzqhuvkls1 Plphr/ XFOD/ Mxo| 4<<<1
Fkh/ \hrq0Nrr dqg Kdxvfk/ Grqdog E1 Frrshudwlyh Lqyhvwphqwv dqg wkh Ydoxh ri
Frqwudfwlqj 1 Dphulfdq Hfrqrplf Uhylhz/ Pdufk 4<<</ ;<+4,/ ss1 458047:1
Fklx/ Vwhskhq1 Qrqfrrshudwlyh Edujdlqlqj/ Krvwdjhv/ dqg Rswlpdo Dvvhwv Rzqhuvkls1
Dphulfdq Hfrqrplf Uhylhz/ Vhswhpehu 4<<;/ ;;+7,/ ss1 ;;50<341
Fodhvvhqv/ Vwlmlq> Gmdqnry/ Vlphrq> Idq/ Mrvhsk> dqg Odqj/ Oduu|1 H{sursuldwlrq ri
Plqrulw| Vkduhkroghuv lq Hdvw Dvld1 Plphr/ Krqj Nrqj Xqlyhuvlw| ri Vflhqfh dqg
Whfkqrorj|/ Mxo| 4<<<1
Gh Ph}d/ Gdylg dqg Orfnzrrg/ Ehq1 Grhv Dvvhw Rzqhuvkls Dozd|v Prwlydwh Pdq0
djhuvB Rxwvlgh Rswlrqv dqg wkh Surshuw| Uljkwv Wkhru| ri wkh Ilup1 Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ Pd| 4<<;/ 446+5,/ ss1 69406;91
Jurvvpdq/ Vdqirug dqg Kduw/ Rolyhu1 Wkh Frvwv dqg Ehqhwv ri Rzqhuvkls= D Wkhru|
ri Yhuwlfdo dqg Odwhudo Lqwhjudwlrq1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ Dxjxvw 4<;9/ <7+7,/
ss1 9<40:4<1
Jurvvpdq/ Vdqirug dqg Kduw/ Rolyhu1 Rqh Vkduh0Rqh Yrwh dqg wkh Pdunhw iru Fru0
srudwh Frqwuro1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ Mdqxdu|2Pdufk 4<;;/ 53+425,/ ss1
4:805351
Kdorqhq/ Pdlmd1 D Wkhru| ri Mrlqw Rzqhuvkls1 Plphr/ Xqlyhuvlw| ri Eulvwro/ 4<<:1
Kduulv/ Plowrq dqg Udyly/ Duwxu1 Frusrudwh Jryhuqdqfh= Yrwlqj Uljkwv dqg Pdmrulw|
Uxohv1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ Mdqxdu|2Pdufk 4<;;/ 53+425,/ ss1 53605681
Kduw/ Rolyhu1 Ilupv/ Frqwudfwv/ dqg Ilqdqfldo Vwuxfwxuh1 R{irug Xqlyhuvlw| Suhvv/ 4<<81
64Kduw/ Rolyhu dqg Prruh/ Mrkq1 Surshuw| Uljkwv dqg wkh Qdwxuh ri wkh Ilup1 Mrxuqdo
ri Srolwlfdo Hfrqrp|/ Ghfhpehu 4<<3/ <;+9,/ ss1 444<0448;1
Kropvwurp/ Ehqjw1 Prudo Kd}dug lq Whdpv1 E h o oM r x u q d or iH f r q r p l f v /D x w x p q
4<;5/ 46+5,/ ss1 65706731
Kropvwurp/ Ehqjw1 Wkh Ilup dv d Vxehfrqrp|1 Plphr/ PLW/ 4<<;1
Kropvwurp/ Ehqjw dqg Wluroh/ Mhdq1 Wudqvihu Sulflqj dqg Rujdql}dwlrqdo Irup1 Mrxu0
q d or iO d z /H f r q r p l f vd q gR u j d q l } d w l r q / Idoo 4<<4/ :+5,/ ss1 534055;1
Od Sruwd/ Udidho> Orsh}0gh0Vlodqhv/ Ioruhqflr> Vkohlihu/ Dqguhl> dqg Ylvkq|/ Urehuw1
Lqyhvwru Surwhfwlrq dqg Frusrudwh Jryhuqdqfh1 Plphr/ Kduydug Xqlyhuvlw|/ 4<<<1
Qroghnh/ Jhruj dqg Vfkplgw/ Nodxv P1 Vhtxhqwldo Lqyhvwphqwv dqg Rswlrqv wr Rzq1
UDQG Mrxuqdo ri Hfrqrplfv/ Zlqwhu 4<<;/ 5<+7,/ ss1 96609861
R*Qhdo/ I1 Krgjh1 Rssuhvvlrq ri Plqrulw| Vkduhkroghuv= Surwhfwlqj Plqrulw| Uljkwv1
Fohyhodqg Vwdwh Odz Uhylhz/ 4<;:/ 68/ ss1 45404791
R*Qhdo/ I1 Krghj dqg Wkrpsvrq/ Urehuw E1 R*Qhdo*v Rssuhvvlrq ri Plqrulw| Vkduh0
kroghuv +5qg Hg1,1 Fodun Erdugpdq Fdoodjkdq/ 4<<81
Udmdq/ Udjkxudp J1 dqg ]lqjdohv/ Oxljl1 Srzhu lq d Wkhru| ri wkh Ilup1 Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ Pd| 4<<;/ 446+7,/ ss1 6;:07651
Urvhq/ Gdqlho/ Ehklqg wkh Rshq Grru= Iruhljq Hqwhusulvhvh lq wkh Fklqhvh Pdunhwsodfh1
Zdvklqjwrq GF= Lqvwlwxwh ri Lqwhuqdwlrqdo Hfrqrplfv/ 4<<<1
Vklvklgr/ ]hqlfkl1 Frq lfwv ri Lqwhuhvw dqg Ilgxfldu| Gxwlhv lq wkh Rshudwlrq ri d Mrlqw
Yhqwxuh1 Wkh Kdvwlqjv Odz Mrxuqdo/ 4<;:/ 6</ ss1 9604561
Wkrpsvrq/ Urehuw E1 Wkh Odz*v Olplwv rq Frqwudfwv lq d Frusrudwlrq1 Wkh Mrxuqdo
ri Frusrudwlrq Odz/ 4<<3/ 48+6,/ ss1 6::07481
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